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A B S T R A C T
A f a c i l i t y  h a s  b e e n  b u i l t  to  e n a b le  M o s s b a u e r - e f fe c t  s p e c t r o s c o p y  a t  tow  te m p e r ­
a t u r e s .  T h e  te m p e r a tu r e  o f  t h e  s a m p le  c an  b e  v a r i e d  f ro m  a s  low a s  1 .5  K to  
room  t e m p e r a tu r e .  W ith t h i s  f a c i l i t /  s tu d i e s  w e r e  p e r f o rm e d  on  s u p e r c o n d u c t in g  
t i n  c o m p o u n d s  u s in g  th e  ^ ® S n  M S ssb a u e r  is o to p e .  S n  a to m s a r e  n o n - m a g n e tic  
a n d ,  in s t e a d  o f  a c t in g  a s  a  p o is o n e r  o f  s u p e r c o n d u c t iv i t y ,  t h e y  p r o v id e  s i t e s  a t  
w h ic h  in v e s t ig a t io n s  o n  an  a tom ic  s c a le  c an  b e  c a r r i e d  o u t .  P r e s e n t e d  h e r e  a re  
t h e  r e s u l t s  o f  s tu d i e s  on  a sa m p le  o f  c om m erc ia l s u p e r c o n d u c t in g  N b -S n  t a p e ,  
u s e d  f o r  im p o r ta n t  te c h n o lo g ic a l  a p p lic a t io n s  s u c h  a s  w in d in g s  in  s u p e r c o n d u c t in g  
m a g n e ts .  In  t h e  p r e p a r a t i o n  o f  t h e  t a p e ,  v a r io u s  N b -S n  p h a s e s  a r e  fo rm e d  o f  
w h ic h  B -N bgSn  is  t h e  d e s i r e d  p h a s e  b e c a u s e  i t  h a s  a h ig h  s u p e r c o n d u c t in g  
t r a n s i t i o n  t e m p e r a tu r e ,  Tc  = 18 K . T h e  o t h e r  p h a s e s  h a v e  s u p e r c o n d u c t in g  
t e m p e r a tu r e s  b e lo w  4  K . M o ssb a u e r  s p e c t r a  w e r e  r e c o rd e d  in  t h e  r a n g e  300  K 
to  4 .2  K . T h e  room  te m p e r a tu r e  s p e c t r a  a llo w ed  t h e  id e n tif ic a t io n  o f  t h e  N b -S n  
p h a s e s  p r e s e n t .  T h e  r e s u l t s  r e v e a l t h a t  t h e  s a m p le  c o n ta in e d  40% N b jS n ,  16% 
N b S n 2 a n d  44% g - S n .  In  a d d it io n  t o  t h e  p h a s e  a n a ly s i s ,  t h e  m e a n - s q u a r e  d i s ­
p la c e m e n t  o f  S n  in  t h e  v a r io u s  p h a s e s  a s  a f u n c t i o n  o f  te m p e r a tu r e  w a s  d e te r m in e d  
f ro m  t h e  te m p e r a tu r e  e v o lu t io n  o f  t h e  M o s s b a u e r  s p e c t r a .  In  t h e  c a s e  o f  t h e  h ig h  
Tc  N bgS n  p h a s e ,  t h e  m e a n - s q u a re  d is p la c e m e n t  o f  S n  a s  a  f u n c t io n  o f  te m p e r a tu r e  
sh o w s  r e m a r k a b ly  d i f f e r e n t  b e h a v io r  f ro m  t h a t  o f  t h e  low Tc  p h a s e s  N b S n g  a n d  
B -S n . T h is  i n d ic a t e s  a p o s s ib le  c o r r e l a t io n  b e tw e e n  a n d  t h e  la t t ic e  b e h a v io r  
o f  a  s u p e r c o n d u c t in g  c o m p o u n d .
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1 . INT R O D U C T IO N
1 .1  S ig n if ic a n c e  o f  low te m p e r a tu r e s -
C u r r e n t l y  a v a i la b le  te c h n o lo g y  e n a b 's s  t h e  c o o lin g  o f  c o p p e r  n u c le i to  
5x 1 0 '®  K a n d  th e  h e a t in g  o f  a  p la sm a  in  a to k a m a k  to  10® K ( . f ig .  J . J . J ) .  I t  is 
n o t  s u r p r i s in g  t h a t  t h e  p r o p e r t i e s  o f  m a te r ia ls  u n d e rg o  c o n s id e r a b le  m o d if ic a t io n s  
in  t h i s  h u g e  r a n g e .  M any  o f  th e s e  c h a n g e s  a r e  o f  p r o fo u n d  s ig n i f ic a n c e  n o t  o n ly  
f o r  b a s ic  p h y v c s ,  b u t  a ls o  f o r  p r a c t ic a l  a p p lic a t io n s .  I t  is  o f  i n t e r e s t  t o  p o in t  
o u t  t h a t  t h e  c h a n g e s  in  p r o p e r t ie s  o f  a m a te r ia l o f te n  se em  to  b e  r e la te d  m ore  
t o  t h e  f a c to r  b y  w h ic h  t h e  a b s o lu te  * v  ■>rature is  v a r ie d  t h a n  to  t h e  m a g n itu d e  
o f  t h e  v a r ia t io n .  T h u s  a  c h a n g e  ' ,c to r  te n  in  g o in g  f ro m  15 K to  1 .5  K 
- -  a  t e m p e r a tu r e  r a n g e  o f  o n ly  ... h. - -  b r in g s  a b o u t ,  on  t h e  a v e r a g e ,  a s  la rg e  
a  c h a n g e  in  p r o p e r t i e s  a s  w o u ld  r e s u l t  f ro m  a  te m p e r a tu r e  c h a n g e  o f  a  f a c to r  te n  
in  g o in g  fro m  1500 K to  150 K - -  a  t e m p e r a tu r e  r a n g e  o f  1350 K .
In  t h e  r a n g e  fro m  3 0 0  K to  3  K th e  te m p e r a tu r e  v a r i e s  b y  tw o  o r d e r s  o f  
m a g n itu d e  a n d  s u b s t a n t i a l  c h a n g e s  in  t h e  p r o p e r t ie s  o f  a so lid  c a n  b e  e x p e c te d .  
A n e x a m p le  is  t b '  o n s e t  o f  s u p e r c o n d u c t iv i ty  a t  som e  low te m p e r a tu r e  Tc  (£  23 
K ) ,  a  p h en o m en o n  . o r  w h ic h  no  k now n  a n a lo g u e  e x i s t s  a t  room  te m p e r a tu r e .
1 .2  A n e ff e c t iv e  m ic r o p ro b e  - -  t h e  M S ssb a u e r  E f fe c t .
T h e  f o re g o in g  c o m m en ts  s t r e s s  t h e  s ig n i f ic a n c e  o f  r e s e a r c h  a t  low te m p e r ­
a t u r e s  a n d  le ad  t o  t h e  q u e s t io n ,  w h a t  is a n  e f f e c t iv e  w a y  o f  p r o b in g  t h e  m a te r ia l 
o f  i n t e r e s t  ?
R u d o lf  L . M S ssb a u e r  re a l iz e d  in  1958 »  h e  n u c le u s  o f  a n  a tom  b o u n d  in
a  so lid  m ay n o t  rec o il w h e n  i t  e m its  o r  a b s o r b s  s t f - r a y .  T h e  p r o b a b i l i ty  f o r  t h e  
o c c u r r e n c e  o f  s u c h  a  p r o c e s s  is  c a lle d  t h e  n e  t e s s  f r a c t io n  f .  In  a r e c o llle s s  
p r o c e s s  t h e  e n t i r e  e n e r g y  o f  t h e  n u c le a r  tr r in s iU o n  is  t r a n s f e r r e d  to  t h e  Y -ra y  
w h ic h  th e n  h a s  t h e  p r o p e r  e n e r g y  to  e x c i te  a n u c le u s  in an  a b s o r b e r .  T h e  
p h e n o m e n o n  o f  r e c o l l le s s  e m iss io n  o f  Y -ra y s  a n d  t h e i r  a b s o r p t io n  b y  Id e n tic a l
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F ig . 1 .1 .1  T e m p e r a tu r e s  a t  w h ic h  som e  s e le c te d  p h e n o m en a  o c c u r .
N o te  th e  lo g a ri th m ic  s c a le .
n u c le i  c o n s t i tu t e  t h e  e s s e n t ia l  e le m e n ts  o f  t h e  M tissb au e r  e f f e c t  (M E ), a  d is c o v e r y  
w h ic h  w as  r e c o g n iz e d  b y  t h e  a w a rd  o f  t h e  N obel P r iz e  in  1961.
T h e  m o s t im p o r ta n t  a s p e c t  o f  t h e  M S ssb a u e r  e f f e c t  r e s id e s  n o t  in  t h e  d i s ­
c o v e r y  o f  t h e  r e c o i l - f r e e  p r o c e s s e s  th e m s e lv e s  b u t  in  t h e  f a c t  t h a t  t h e s e  p r o c e s s e s  
m a k e  a v a i la b le  V -ra y s  w ith  a n  e n e r g y  w h ic h  is  v e r y  s h a r p l y  d e f in e d .  T y p ic a l ly ,  
t h e  u n c e r ta i n ty  T0 In t h e  r - r a y  e n e r g y  is  o f  t h e  o r d e r  o f  10"® eV  w h ile  th e
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e n e r g y  o f  t h e  r e c o i l le s s  V -ra y  i.s o f  t h e  o r d e r  o f  10 k e V . T h is  r e s o lu t io n  o f  1 
p a r t  In 1 0 ^  m a k es  i t  p o s s ib l e  t o  m e a s u r e  a c c u r a t e l y  v a r io u s  in te ra c tio n s !  o f  t h e  
n u c le a r  m om en ts  w ith  t h e i r  e n v iro n m e n t.  T h e s e  i n t e r a c t io n s ,  c a lle d  t h e  h y p e r f in e  
( h f )  i n te r a c t io n s ,  c a u s e  c h a n g e s  in t h e  n u c le a r  t r a n s i t i o n  e n e r g ie s  w h ic h  a r e  
u s u a l ly  la r g e r  th a n  t h u s  p e rm i t t in g  t h e i r  p r e c i s e  m e a su re m e n t,  T h is  m a k e s  
i t  p o s s ib le  to  s tu d y  t h e  e f f e c t iv e  m a g n e tic  f ie ld  o r  t h e  e le c tr ic  f ie ld  g r a d i e n t  a t  
th e  n u c le u s  w h ic h  d e p e n d  b o th  c n  t h e  e le c t r ic  c o n f ig u r a t io n  o f  t h e  a tom  a n d  on  
th e  sy m m e try  o f  t h e  d i s t r ib u t io n  of t h e  n e ig h b o r in g  c h a r g e s .
A n o th e r  I m p o r ta n t  a p p lic a tio n  is  b a s e d  o n  t h e  iso m e r  s h i f t  w h ic h  m e a s u r e s  
th e  e le c t r o s ta t ic  in te r a c t io n  o f  t h e  n u c le u s  w ith  t h e  e x t r a n u c l e a r  e le c t r o n s  a t  t h e  
n u c le a r  s i t e ;  I t  g iv e s  in fo rm a tio n  on  th e  c o v a le n c e  o f  ch em ic al b in d in g  a n d  e l e c ­
t r o n i c  s t r u c t u r e  in  g e n e r a l .
In fo rm a tio n  o n  t h e  la t t ic e  d y n a m ic s  o f  a s o l id  c an  b e  o b ta in e d  f ro m  th e  
r e c o ille s s  f r a c t i o n .  T h e  r e c o ille s s  f ra c t io n  a s  a f u n c t io n  o f  te m p e r a tu r e  g iv e s  
u s  a  p ic tu r e  o f  how  t h e  p h o n o n  s p e c tr u m  c h a n g e s  w ith  te m p e r a tu r e .
1 .3  S u p e r c o n d u c t iv i t y .
In  t h e  low  t e m p e r a tu r e  'r e g im e , som e s o lid s  sh o w  z e r o  r e s i s ta n c e  b e lo w  a 
w e l l-d e f in e d  c r i t ic a l  t e m p e r a tu r e  7 ^ . T h is  p h e n o m e n o n  is  c a lle d  
s u p e r c o n d u c t iv i ty .  I t  is  f o u n d  in  a  w id e  v a r i e ty  o f  m a te r ia ls  : m e ta l lic  e le m e n ts ,  
a l lo y s ,  in te rm e ta l l ic  c o m p o u n d s  a n d ,  r e c e n t l y ,  s y n th e t i c  o r g a n ic  s o l id s ,  w h ic h  In 
t h e  no rm al s t a t e  a r e  p o o r  c o n d u c to r s .
S u p e r c o n d u c to r s  c a n  b e  d iv id e d  in to  tw o  t y p e s ,  d e p e n d in g  o n  t h e i r  b e h a v io r  
in an  a p p lie d  m a g n e tic  f ie ld .  T h e  d is t in c t io n  is  m ade  on  t h e  b a s i s  o f  how  f lu x  
p e n e t r a t e s  in to  t h e  b u lk  o f  a m a te r ia l .  In  a n  id e a l s i t u a t i o n ,  t h e  f lu x  d o e s  n o t  
p e n e t r a t e  in to  a  t y p e  I s u p e r c o n d u c to r  u n t i l  a  c r i t i c a l  f ie ld  ffc  is  r e a c h e d ,  a n d  
th e n  I t d o e s  so  d is e o n tin u o u 's iy .  B y  c o n t r a s t ,  in  a  ty p e  II s u p e r c o n d u c t o r ,  t h e  
f lu x  d o e s  n o t  p e n e t r a t e  u n t i l  a  lo w e r  c r i t ic a l  f ie ld  : p a r t i a l  f lu x  p e n e t r a t io n  
c a n  th e n  o c c u r  o v e r  a w id e  r a n g e  o f  a p p lie d  f ie ld  v a lu e s ,  e v e n  th o u g h  t h e  z e r o  
r e s i s ta n c e  p r o p e r ty  m ay  b e  m a in ta in e d  u p  to  a lim itin g  a p p lie d  f ie ld ,  c a l le d  t h e  
u p p e r  c r i t ic a l  f ie ld  RC2, o f  m o re  th a n  20 T  in  som e  m a te r ia ls .  T h is  p r o p e r ty  is
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o f  p a r t i c u l a r  im p o r ta n c e  in  t h e  te c h n o lo g ic a l e x p lo i ta t io n  o f  s u p e r c o n d u c t o r s  f o r  
h i g h - c u r r e n t  a n d  n ig h - f ie ld  a p p lic a t io n s .
T h e  m ic ro sc o p ic  d e s c r ip t io n  o f  t h e  s u p e r c o n d u c t in g  s t a t e  is  c o n ta in e d  in  th e  
(B C S ) t h e o r y  o f  B a r d e e n ,  C o o p e r  a n d  S c h r e i f f e r  (1 9 5 7 ) .  T h e  f u n d a m e n ta l  p o s ­
t u l a t e  o f  t h i s  t h e o r y  is  t h a t  s u p e r c o n d u c t iv i ty  o c c u r s  w h en  a n  a t t r a c t i v e  i n t e r ­
a c t io n  b e tw e e n  tw o  e le c t r o n s ,  b y  m e an s  o f  p h o n o n  e x c h a n g e ,  d o m in a te s  t h e  
r e p u ls iv e  s c r e e n e d  C oulom b in te r a c t io n .  In  th e  s u p e r c o n d u c t in g  s t a t e  t h e  con«- 
d u c t io n  e le c t r o n s  fo rm  b o u n d  p a i r s  c a lle d  C ooper p a i r s .  T h e  e x i s t e n c e  o f  a n  a t ­
t r a c t i v e  in te r a c t io n  b e tw e e n  p a i r s  o f  e le c tr o n s  a r i s e s  fro m  t h e  d i s t o r t i o n  o f  t h e  
l a t t ic e .  T h is  d i s to r t i o n  p r o p a g a te s  th r o u g h  th e  l a t t ic e  v ia  p h o n o n s  a n d  a f f e c ts  
a s e c o n d  e le c tr o n  som e d is t a n c e  a w a y . T h e  in te r a c t io n  b e tw e e n  t h e  tw o  e le c t r o n s  
th r o u g h  p r o p a g a t in g  la t t ic e  d i s t o r t i o n s  is  a t t r a c t i v e  a n d  t h u s  in  t h e  s u p e r c o n ­
d u c t in g  s t a t e ,  t h e  la t t ic e  p la y s  an  im p o r ta n t  ro le .
S u p e r c o n d u c t iv i t y  is  w ell d e s c r ib e d  b y  t h e  p h e n o m en o lo g ica l 
G in z b u rg - L a n d a u  t h e o r y  a n d  th e  m ic ro sc o p ic  BCS t h e o r y .  H o w e v e r  t h e s e  t h e o r i e s  
a r e  u n e b le  to  p r e d i c t  a  p r i o r i  s u p e r c o n d u c t in g  m a te r ia ls  o r  t r a n s i t i o n  t e m p e r ­
a t u r e s .  E m p irica l r u le s  h a v e  b e e n  e s ta b l i s h e d  (M a t th ia s  1957) w h ic h  p r o v id e  th is  
in fo rm a tio n . F o r  e x a m p le , in  a ll c a s e s  in v o lv in g  t r a n s i t i o n  m e ta ls ,  t h e  v a r ia t io n  
o f  Tc  sh o w s  s h a r p  m axim a f o r  t h e  n u m b e r  o f  v a le n c e  e l e c t r o n s  p e r  a to m  e q u a l  to  
t h r e e ,  f iv e  a n d  s e v e n .  H o w e v e r, r e c e n t l y .d is c o v e r e d  t e r n a r y  c o m p o u n d s  in ­
v o lv in g  t r a n s i t io n  m e ta ls  v io la te  t h i s  r u le  (M a tth ia s  1 976 , p .  6 3 5 ) .
From  c o n s id e r a t io n s  o f  t h e  m ic ro sc o p ic  p ic tu r e  o f  s u p e r c o n d u c t iv i t y ,  t h e r e  
o u g h t  t o  e x is t  c o r r e l a t io n s  b e tw e e n  Tc  a n d  th e  l a t t ic e  d y n a m ic a l p r o p e r t i e s  a n d  
e le c t r o n ic  s t r u c t u r e  o f  a s o l id .  In fo rm a tio n  on t h e  la t t ic e  d y n a m ic s  a n d  th e  
e le c t r o n ic  s t r u c t u r e  c a n  b e  o b ta in e d  th r o u g h  M o ssb a u e r  s t u d i e s .  F u r th e r m o r e ,  
t h e  ME d o e s  n o t  in v o lv e  t h e  a p p lic a t io n  o f  m a g n e tic  f ie ld s  d u r in g  m e a s u r e m e n ts  
in  c o n t r a s t  t o  o th e r  te c h n iq u e s  ( b u lk  s u s c e p t ib i l i t y  m e a s u r e m e n ts ) ,  s o  t h e  
s u p e r c o n d u c t in g  s t a t e  is  n o t  p e r tu r b e d .
T h e  ^ ® S n  is o to p e  r a n k s  s e c o n d  in  im p o r ta n c e  t o  t h a t  o f  in  ME 
s p e c t r o s c o p y .  T h e  t in  a tom  d o e s  n o t  c a r r y  a n  in t r i n s i c  s p in  m o m en t in  a n y  o f  
i t s  c o m p o u n d s . T h is  n o n - m a g n e tic  p r o p e r ty  m a k es  t h e  t in  is o to p e  f a v o r a b le  f o r  
t h e  m ic ro p ro b in g  o f  s u p e r c o n d u c t o r s  on  w iio se  p r o p e r t i e s  m a g n e tic  f ie ld s  h a v e  a
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d e b i l i ta t in g  e f f e c t .  119S n  M b ssb a u e r  s p e c t r o s c o p y  h a s  p r e v io u s ly  b e e n  u s e d  to  
s tu d y  s u p e r c o n d u c t o r s .  E a r l ie r ,  e x p e r im e n te r s  f o u n d  a n o m alo u s  b e h a v io r  o f  t h e  
f  v a lu e  in  S n  a t  te m p e r a tu r e s  c lo se  to  th e  s u p e r c o n d u c t in g  t r a n s i t io n  te m p e r a tu r e .  
H o w e v e r, t h e  c a r e f u l  /  v a lu e  m e a su re m e n ts  o f  H o h e n e m se r  (1965) d id  n o t  r e v e a l  
a n y  a n o m a lie s . A n o th e r  i n t e r e s t i n g  sy s te m  V g G a ^ n ^  h a s  b e e n  s tu d i e d  b y  
Ksm ball e t  a l .  (1 9 7 4 ) .  T h is  s y s te m  h a s  a  h ig h  s u p e r c o n d u c t in g  t r a n s i t io n  te m ­
p e r a tu r e  (Tg ~  15 K) f o r  low c o n c e n tra t io n s  o f  S n .  '^® S n  ME s tu d ie s  h a v e  a lso  
b e e n  p e r f o rm e d  on  th e  te c h n o lo g ic a lly  im p o r ta n t  h ig h  Tq  s u p e r c o n d u c t o r  N bgSn 
( s e e  5 5 .1 ) .
S u p e r c o n d u c t in g  m a te r ia ls  m e r i t  in v e s t ig a t io n  b e c a u s e  o u r  u n d e r s t a n d in g  o f  
t h e  f u n d a m e n ta l  p h y s ic a l  law s t h a t  g o v e rn  t h e i r  b e h a v io r  is  in c o m p le te  a n d  b e ­
c a u s e  o f  t h e i r  im p o r ta n c e  in  te c h n o lo g ic a l a p p l ic a t io n s .  T h e  f o re g o in g  c o m m en ts  
in d ic a t e  t h a t  t h e  ME is  a n  id e a l to o l f o r  p r o b in g  t h e s e  m a te r ia ls .
1 .4  O u tl in e  o f  r e s e a r c h .
In t h i s  r e s e a r c h  p r o je c t  a  low t e m p e r a tu r e  f a c i l i t y  h a s  b e e n  s e t  u p  to  a llow  
M o s s b a u e r - e f fe c t  s tu d i e s  on  s u p e rc o n d u c t in g  c o m p o u n d s . C h a p te r  2  o u t l i n e s  
p r in c ip le s  o f  t h e  ME, t h e  h y p e r f ln e  i n te r a c t io n s  a n d  la t t ic e  d y n a m ic s .  A d e ­
s c r ip t io n  o f  t h e  ME s p e c tr o m e te r  a n d  low t e m p e r a tu r e  a p p a r a tu s  is  p r e s e n t e d  in 
c h a p te r  3  a n d  c h a p te r  4 ,  r e s p e c t iv e ly .  F in a l ly ,  c h a p t e r  5  d e s c r ib e s  ^ ® S n  
M o s s b a u e r - e f fe c t  s tu d i e s  on  s u p e rc o n d u c t in g  N b -S n  c o m p o u n d s .
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2 .1  I n t r o d u c t io n .
T h e  Y -ra y  r e s u l t in g  fro m  a  n u c le a r  t r a n s i t i o n  w ill b e  a b s o r b e d  b y  a n  id e n tic a l  
n u c le u s  if  i t s  e n e r g y  m a tc h e s  th e  t r a n s i t i o n  e n e r g y  E0  to  w ith in  a b o u t  10*® eV  
( s e e  f i g .  Z .1 ,1  ( a ) ) .  T h e  law o f  c o n s e r v a t io n  o f  m om entum  r e q u i r e s  t h a t ,  in  t h e  
r e s t  f ra m e  o f  t h e  n u c le u s ,  t h e  n u c le u s  m u s t  r e c o il w ith  a m om entum  e q u a l  to  t h a t  
c a r r i e d  a w a y  b y  th e  Y -ra y . T h is  m e an s  t h a t  a n u c le u s  o f  m a ss  H is  g iv e n  a r ec o il
e n e r g y  ER ~ ti* k z/2 t l  w h e r e  k  is  t h e  Y r a y  w a v e  v e c to r .  T h e  e n e r g y  o f  t h e  Y -ra y
will t h e n  n o t  b e  S0  b u t  Eg - Eg . S im ila r ly ,  i f  a  Y -ra y  is  a b s o r b e d  b y  e x c i t i n g
a  n u c le u s  in t h e  g r o u n d  s t a t e ,  i t  m u s t  h a v e  an  e n e r g y  E0  * E g . T h u s  t h e  e f f e c t
o f  r e c o il m e an s  t h a t  t h e  Y -ra y  will h a v e  a n  e n e r g y  d e f ic i t  o f  2Eg f o r  n u c le a r  
e x c i ta t io n .  In  a ty p ic a l  Y -ra y  e m iss io n  p r o c e s s  Eg  is  o f  t h e  o r d e r  o f  1 0 "^  to  
1 0 -2 e V  s o  t h a t  t h e  e f f e c t  o f  r ec o il is  s u f f i c ie n t  to  c a u s e  a m ism atch  o f  t h e  Y -ra y  
e n e r g y  a n d  th e  e x c i ta t io n  e n e r g y  r e q u i r e d  f o r  n u c le a r  a b s o r p t io n .  H o w e v e r, 
M b s s b a u e r  d is c o v e r e d  t h a t  w hen  n u c le i a r e  e m b e d d e d  in  a so lid  a c e r t a i n  n u m b e r  
o f  t h e  Y -ra y s  a r e  e m itte d  a n d  a b s o r b e d  w i th o u t  e x c i t i n g  la t t ic e  v ib r a t i o n s .  In 
t h a t  c a s e  t h e  e n t i r e  la t t ic e  s h a r e s  t h e  r e c o i l  Eg w h ic h  is  i n v e r s e l y  p r o p o r t io n a l  
to  t h e  r r ’ s s  o f  t h e  r e c o i l in g  o b je c t ,  t h a t  i s ,  t h e  Y -ra y  w ill e x p e r ie n c e  n e g lig ib le  
reco il pn- r g y  lo ss  a n d  is  th e n  a b le  t o  e x c i te  a  n u c le u s  in  t h e  a b s o r b e r .  T h e  
re c o il le s s  em issio n  a n d  a b s o rp t io n  o f  Y -ra y s  is  k now n  a s  t h e  M S ssb a u e r  e f f e c t .
R e c o ille s s ly  e m itte d  Y -ra y s  h a v e  a L o r e n tz ia n  e n e r g y  d i s t r ib u t io n  w ith  
f u l l - w id th  a t  h a lf  m axim um  f0  = S / t ,  w h e r e  t  is  t h e  h a lf - l i f e  o f  t h e  e x c i te d  s t a t e .  
T h e  a b s o r p t io n  c r o s s  s e c t io n  f o r  r e c o i l le s s  a b s o r p t io n  is  g iv e n  b y  a s im ila r  
f u n c t i o n .  T h e  e n e r g y  o f  an  e m it te d  Y -ra y  c a n  b e  v a r ie d  b y  im p a r t in g  to  i t  a  
v e lo c i ty  v .  N u c le a r  a b s o rp t io n  in  a n  id e n tic a l  n u c le u s  will o c c u r  a t  t h e  v e lo c i ty  
y  c o r r e s p o n d in g  t o  t h e  t r a n s i t io n  e n e r g y  E  . T h e  m e a s u re m e n t o f  t h e  t r a n s m i t t e d  
in t e n s i t y  o f  t h e  Y -ra y s  t h r o u g h  a n  a b s o r b e r  a s  a fu n c t io n  o f  t h e  v e lo c i ty  v  o f  
t h e  s o u r c e  r e la t iv e  t o  t h e  a b s o r b e r  c o n s t i t u t e s  t h e  u s u a l  M tis sb a u e r  e x p e r im e n t
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F ig . 2 .1 .1  ( a )  T h e  T - ra y  r e s u l t in g  fro m  n u c le a r  d e c a y  in  a f r e e  n u c le u s  a n d  
t h e  c o r r e s p o n d in g  n u c le a r  a b s o rp t io n  b y  a n  id e n tic a l  n u c le u s .  E0 m u s t  m a tch  
E0 ' t o  w ith in  10~® eV  f o r  t h e  p r o c e s s  t o  o c c u r ,  ( b )  A sc h e m a tic  o f  t h e  s e tu p  
u s e d  to  m e a s u r e  n u c le a r  a b s o rp t io n  o f  r - r a y s .
( s e e  f i g .  2 . 1 .1  ( 6 ) ) .  T h e  n u m b e r  o f  ? - r a y s  t r a n s m i t te d  a s  a  f u n c t i o n  o f  
v e lo c i ty  is g iv e n  b y  K olk (1984 , p .  181)
w h e r e  is th e  n u m b e r  t r a n s m i t te d  a t  h ig h  v e lo c i t ie s  f a r  f ro m  r e s o n a n c e  ( i . e .  
t h e  b a s e  lin e  v a lu e ) ,  is  t h e  n u m b e r  o f  r - r a y s  e m it te d  b y  t h e  ME t r a n s i t i o n  
a n d  e (v )  is th e  f r a c t io n  o f  tfy a b s o r b e d  r e c o i l - f r e e  a t  v e lo c i ty  v .  F o r  a  th in  
a b s o r b e r  e(iO  is  g iv e n  b y
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w h e r e  Fe  = 2^ c /E 0  is  t h e  fu l l  w id th  a t  h a lf  m axim um  o f  t h e  r e s o n a n c e  lin e  in  v e ­
lo c i ty  u n i t s ,  /  a n d  f g  a r e  t h e  re c o ille s s  f r a c t i o n s  o f  t h e  s o u r c e  a n d  th e  a b s o r b e r  
r e s p e c t iv e ly ,  o  is  t h e  n u m b e r  o f  r e s o n a n t  n u c le i p e r  u n i t  a re a  a n d  aQ is  t h e  
m axim um  a b s o rp t io n  c r o s s  s e c t io n ,  N(tO is  a t  m in im u r  w h en  E (y) is  a t  m axim um , 
t h a t  is  a t  y  = v g . V a r io u s  in te r a c t io n s  o f  t h e  n u c le a r  m om en ts  w ith  t h e  e n v i ­
r o n m e n t c an  c a u s e  t h e  a b s o rp t io n  lin e  to  b e  s h i f te d  o r  s p l i t  in to  a n u m b e r  o f  lin e s .
2 . 2  T h e  iso m er o r  c h em ic a l s h i f t .
T h e  C oulom b in te r a c t io n  b e tw e e n  th e  e le c tr o n ic  c h a r g e  p r e s e n t  a t  t h e  n u c le u s  
a n d  th e  c h a r g e  d i s t r ib u t io n  o f  t h e  n u c le u s  p r o d u c e s  a sm all s h i f t  in  t h e  t r a n s i t io n  
e n e r g y  e  c a lle d  t h e  iso m e r  s h i f t ,  6 . T h is  is  m e a s u r a b le  o n ly  w h en  th e  
n o n - r e la t iv is t ic  e le c tr o n  d e n s i t y  a t  t h e  n u c le a r  s i t e ,  p ( a ls o  know n a s  t h e  c o n ta c t  
d e n s i t y ) ,  o f  t h e  s o u r c e  a n d  a b s o r b e r  is n o t  id e n tic a l .  In v e lo c i ty  u n i t s ,  t h e  
iso m e r  s h i f t  is  g iv e n  b y  G re en w o o d  (1871 , p .  4 9 )
6 = ( 2 / j ) ( n c / £ 0 )Z e 1A<r2>Ap((7) , ( * .< )
w h e r e  A<r2> r e p r e s e n t s  t h e  c h a n g e  in t h e  s e c o n d  m om en t o f  t h e  n u c le a r  c h a r g e  
d i s t r ib u t io n  b e tw e e n  n u c le a r  e x c i te d  a n d  g r o u n d  s t a t e s ,  A p(0) = p ( a b s o r b e r )  - 
p ( s o u r c e ) .  E q u a tio n  { 2 .4 )  m u s t b e  m u lt ip lie d  b y  a  r e ia t iv i s t ic  c o r r e c t io n  f a c to r  
S ' (2 )  w h ic h  is  a fu n c t io n  o f  t h e  a tom ic  n u m b e r  Z , (K o lk  1984 , p .  2 2 ) .  T h e  
d o m in a n t c o n tr ib u t io n  to  t h e  c o n ta c t  d e n s i ty  a r i s e s  f ro m  t h e  s  e le c t r o n s .  T h e  
I so m e r  s h i f t  r e f le c ts  t h e  d i f f e r e n c e  in th e  o u t e r  s  e le c tr o n  c o n f ig u r a t io n  b e tw e e n  
a to m s in t h e  s o u r c e  a n d  t h e  a b s o r b e r .  In a d d it io n  n o n - s  e le c tr o n  d i s t r ib u t io n s  
c a n  a lso  in d ir e c t ly  a f f e c t  A p(0) t h r o u g h  th e  s c r e e n in g  o f  s  e le c t r o n s .  E x p e r ­
im e n ta l ly ,  t h e  s h i f t  in  t h e  c e n t r o id  o f  t h e  r e s o n a n c e  p a t t e r n  c o n s t i tu t e s  t h e  iso m er
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2 .3  T h e  m a g n e tic  d ip o le  in te r a c t io n .
■ T h e  in te r a c t io n  o f  t h e  n u c le a r  m a g n e tic  d ip o le  m o m en t w ith  t h e  m a g n e tic  f ie ld  
a t  t h e  n u c le u s  is  d e s c r ib e d  b y  t h e  H am ilton ian
H . ( 2 .5 )
T h is  in te r a c t io n  c a u s e s  a n u c le a r  s t a t e  t o  s p l i t  in to  Z j  * 1  s u b s t a t e s  w ith  e n e r g ie s
ta k e n  w ith  r e s p e c t  t o  t h e  e n e r g y  o f  t h e  u n p e r tu r b e d  s t a t e ,  w h e r e  j  is  t h e  n u c le a r  
s p in  a n d  m is  t h e  m a g n e tic  q u a n tu m  n u m b e r ;  n o te  t h a t  | e |  £  j  .
T h e  ME s p e c t r u m  r e f le c ts  t r a n s i t i o n s  b e tw e e n  v a r io u s  e x c i te d  a n d  g r o u n d  s t a t e  
s u b le v e l s  { f i g .  2 . 3 . 1 )  w h ic h  f o r  d ip o le  r a d ia t io n  m u s t  o b e y  th e  s e le c t io n  r u le  
|f ls  -  = T o r  0 ,  w h e r e  s e  a n d  a r e  t h e  m a g n e tic  q u a n tu m  n u m b e rs  o f  t h e
e x c i te d  a n d  g r o u n d  s t a t e s  r e s p e c t iv e ly .  T h e  m a g n e tic  h y p e r f in e  f ie ld  a t  t h e  
n u c le u s  d e d u c e d  f ro m  th e  M S ssb a u e r  s p e c t r u m  a llo w s u s  to  s tu d y  th e  m a g n e tic  
b e h a v io r  o f  t h e  m a te r ia l .
2 .4  T h e  e le c t r ic  q u a d r u p o le  I n te r a c t io n .
N uclei w ith  s p in s  g r e a t e r  th a n  i  h a v e  q u a d ru p o le  m om en ts  eQ t h a t  c an  
i n t e r a c t  w ith  t h e  e l e c t r ic  f ie ld  g r a d i e n t  (E F G ) a t  t h e  n u c le u s .  T h e  q u a d r u p o le  
m om ent Is r e la te d  t o  t h e  s h a p e  o f  t h e  n u c le u s .  T h e  EFG is  a te n s o r  w ith  n in e  
c o m p o n e n ts  *  i ZV /% xiy  e t c . ,  w h e r e  V ( x , y , z )  is  t h e  p o te n t ia l  a t  a  p o in t  ( x , y , z ) .  
B y  c h o o s in g  a p r o p e r  s e t  o f  a x e s  ( p r in c ip a l  c o o rd in a te s )  t h e  o f f - d ia g o n a l  e le m e n ts  
o f  t h i s  te n s o r  c an  b e  m a d e  z e r o .  U su a lly  o n e  d e f in e s  t h i s  a x is  s y s te m  s o  t h a t  
t h e  EFG Is a  m axim um  in  t h e  z  d i r e c t io n ,  a n d  t h e  m o d u lu s  o f  t h e  q u a n t i t y  eg  is  
t h e  m axim um  v a lu e  o f  t h e  E FG .
T h e  q u a d ru p o le  in te r a c t io n  c a n  p a r t i a l l y  l i f t  t h e  d e g e n e r a c y  o f  t h e  n u c le a r  
s t a t e s  in v o lv e d  in  t h e  M S ssb a u e r  t r a n s i t i o n .  T h e  v a r io u s  s u b s t a t e s  h a v e  e n e r g ie s  
d i f f e r in g  f ro m  t h e  u n p e r tu r b e d  n u c le a r  s t a t e  b y  a n  a m o u n t (K o lk  1 984 , p .  29)
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F ig . 2 .3 .1  (T o p )  T h e  a llow ed  n u c le a r  t r a n s i t i o n s  w h en  th e  e x c i te d  s t a t e  a n d  
th e  g r o u n d  s t a t e  a r e  s p l i t  d u e  to  t h e  m a g n e tic  h y p e r f in e  f ie ld .  (B o tto m ) 
N o te  t h e  d e c r e a s e  in  tr a n s m is s io n  a t  e a c h  o f  t h e  a llow ed  n u c le a r  t r a n s i t i o n s
a s  r e f le c te d  in  t h e  ME s p e c tru m  o b ta in e d  u s in g  
iro n  fo il a s  t h e  a b s o r b e r  a n d  *^C o in  r h o d iu m  ;
A £ ( j ,e )  =
Fe. M S ssb a u e r  n u c le i ,  w ith  
th e  s o u r c e .
( 2 .7 )
T h e  q u a n t i t y  n is  r e la te d  to  th e  sy m m e try  o f  t h e  EFG a n d  is  c a lle d  t h e  a sy m m e try  
p a r a m e te r .  F o r  a x ia l sy m m e try  (n  = 0)
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R e ca ll 1®| S j  w h e r e  e a c h  n  c o r r e s p o n d s  to  a d i f f e r e n t  o r ie n t a t i o n  o f  t h e  n u c le u s .  
E q u a t io n s  ( 2 .7 )  a n d  ( 2 .3 )  in d ic a te  t h a t  t h e  in te r a c t io n  e n e r g y  b e tw e e n  a  n u c le u s  
a n d  t h e  EFG is  d i f f e r e n t  f o r  e a c h  p o s s ib l e  o r ie n t a t i o n  o f  t h e  n u c l e u s .  T h is  r e s u l t s  
in  a s o - c a l le d  q u a d r u p o le  s p l i t t in g  o f  t h e  g r o u n d  a n d /o r  e x c i te d  s t a t e s .  F o r  t h e  
im p o r ta n t  c a s e  o f  J  = 3 / 2 ,
T h u s  f o r  j e  -  3 /2  a n d  j  -  1 /2 ,  w h e r e  t h e  s u b s c r i p t s  r e f e r  t o  t h e  e x c i te d  a n d  
g r o u n d  s t a t e s  r e s p e c t iv e ly ,  t h e  ME s p e c tr u m  w ill sh o w  tw o  a b s o r p t io n  l in e s  a t  
t h e  v e lo c i t ie s
w h e r e  Qe  r e f e r s  to  t h e  q u a d ru p o le  m om ent o f  t h e  e x c i te d  n u c le u s .  F ig .  2 .4 .1  
sh o w s  t h e  c o r r e s p o n d i n g  n u c le a r  t r a n s i t i o n s  in v o lv e d . T h e  k n o w le d g e  o f  t h e  EFG 
p r im a r i ly  r e f le c ts  t h e  la t t ic e  sy m m e try  a t  t h e  la t t ic e  s i t e  o f  t h e  M b s s b a u e r  a tom .
A (3 /2 ,m ,i\)  = A ( 3 /2 r<B,0)(l * ( 2 .9 )
( 2 .10 )
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4J> 3 /2
F ig , 2 .4 .1  Q u a d r u p o le  s p l i t t in g  f o r  a  s p in  3 /2  *  1 /2  t r a n s i t i o n .
2 .5  T h e  r e c o il le s s  f r a c t io n .
In  t h e  s e m i-c la s s ic a i p ic tu r e  o f  a so lid  t h e  atoms_ a r e  c o n n e c te d  to  o n e  a n ­
o th e r  b y  s p r in g s  to  fo rm  a r e g u la r  la t t ic e  s t r u c t u r e .  T h e  re c o il o f  a  n u c le u s  
e m it t in g  a T - ra y  m ay  e x c i te  t h e  s p r in g  sy s te m  - -  la t t ic e  v i b r a t i o n s .  H o w e v e r, 
th e  v ib r a t io n a l  e n e r g ie s  a r e  q u a n t iz e d  a n d  a r e  k now n  a s  p h o n o n s .  I t  is  p o s s ib le  
t h a t  t h e  reco il e n e r g y  Eg t r a n s f e r r e d  to  t h e  la t t ic e  is  n o t  a b le  t o  c r e a te  p h o n o n s .  (
In  s u c h  a z e r o  p h o n o n  p r o c e s s  t h e  rec o il is  to k e n  u p  b y  th e  to ta l  m ass o f  t h e  :
la t t i c e  r e s u l t in g  in  n e g lig ib le  r e c o i l .  T h e r e  is  t h u s  a f in i te  p r o b a b i l i ty  f o r  
r e c o i l le s s  r - r a y  e m iss io n  o r  a b s o rp t io n  b y  a  n u c le u s  e m b e d d e d  in  a  s o l id .  By 
d e f in i t io n  th e  f r a c t io n  /  o f  Y -ra y s  e m itte d  w ith o u t  t r a n s f e r  o f  r ec o il e n e r g y  to  :
t h e  v ib r a t io n a l  s t a t e s  o f  t h e  la t t ic e  is  c a lle d  t h e  re c o i l le s s  f r a c t i o n .  T h e  /  v a lu e  ■
d e p e n d s  o n  th e  f r e e - n u c l e u s  reco il e n e r g y ,  w h ic h  is  p r o p o r t io n a l  to  w h erts  ^
is  t h e  e n e r g y  o f  t h e  Y -ra y , a n d  th e  p r o p e r t ie s  o f  t h e  la t t ic e  w h ic h  c h a n g e  a s
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a fu n c t io n  of te m p e r a tu r e .  T h e  fo llo w in g  in d ic a t e s  how  a s tu d y  o f  t h e  t e m p e r a tu r e  
d e p e n d e n c e  o f  t h e  r e c o ille s s  f ra c t io n  p r o v id e s  a v a lu a b le  m e an s  o f  s tu d y i n g  t h e  
la t t ic e  d y n a m ica l p r o p e r t i e s  o f  a s o lid ,
T h e  p r o b a b i l i ty  t h a t  th e  la t t ic e  r e m a in s  in  t h e  sam e  s t a t e  w hen  a r - r a y  is  
e m itte d  o r  a b s o r b e d ,  t h a t  i s ,  t h a t  no  p h o n o n s  a r e  c re a te d  o r  a b s o rb e d  is  (K o lk  
1984, p p .  6 5 -66 )
f  = e x p  [-* *  <**>,.] , { 2 ,1 1 )
w h e r e  <xa>j. is  t h e  p ro je c t io n  o f  t h e  m e a n -s q w a re  d is p la c e m e n t  o f  an  a to m  a lo n g  
t h e  d ir e c t io n  o f  t h e  w a v e  v e c to r  k  o f  t h e  i f - r a y . T h is  r e la tio n  b e tw e e n  f  a n d  
t h e  m e a n - s q u a re  d isp lac em i -it e s ta b l i s h e s  a  c o n n e c tio n  b e tw e e n  th e  r e c o i l le s s  
f r a c t io n  a n d  th e  la t t ic e  d y n a m ic s .  F o r  a t h in  a b s o r b e r  t h e  a re a  u n d e r  a s in g l e  
lin e  M o ssb a u e r  s p e c tr u m  is  r e la te d  t o  t h e  r e c o i l le s s  f ra c t io n  b y  ( V e r te s  e t  a l .  
1979, p p .  3 0 -3 3 )
A m a a f a  , ( .2 .12 )
w h e r e  a  is  t h e  n u m b e r  o f  r e s o n a n t  n u c le i p e r  u n i t  a re a  in  t h e  a b s o r b e r .  T h e  
a re a  Is g iv e n  b y  th e  p r o d u c t  o f  t h e  m e a s u r e d  lin e w id th  a n d  th e  in t e n s i t y  n o r ­
m a lized  t o  t h e  I n te n s i ty  f a r  o f f  r e s o n a n c e .  D iv id in g  b y  th e  n a tu r a l  l in e  w id th  
m a k es  t h e  a re a  a .d im e n s io n le s s  q u a n t i t y .
F o r  a tom s m o v in g  in  p a ra b o lic  p o te n t ia l s  {harm onic  a p p r o x lm t lo n ) , t h e  
m o tio n s  o f  t h e  in d iv id u a l  a tom s a r e  d e s c r ib e d  b y  th e  s u p e rp o s i t io n  o f  3N in d e ­
p e n d e n t  m o d e s . In  a  re a l c r y s t a l ,  in te r a c t io n s  b e tw e e n  a to m s m ean  t h a t  t h e  
in te ra to m ic  p o te n t ia ls  m ay  d e v ia te  f ro m  b e in g  p a ra b o lic .  T h is  a d d s  e n h a r m o n ic  
te rm s  to  t h e  v ib r a t io n a l  H am ilto n ia n . T h e  a n h a rm o n ic  te rm s  a n d  t h e i r  a s s o c i a te d  
a n h a rm o n ic  e f f e c ts  a r e  r e s p o n s ib le  f o r  t h e  la t t ic e  p r o p e r t ie s  o f  a c r y s t a l ,  f o r  
e x a m p le , th e rm a l  e x p a n s io n  a n d  te m p e r a tu r e  d e p e n d e n c e  o f  t h e  e la s t ic  c o n s t a n t s ,  
T o  a c c o u n t  f o r  t h e  a n h a rm o n ic  e f f e c ts  t h e  te m p e r a tu r e  d e p e n d e n c e  o f  t h e  
r e c o ille s s  f ra c t io n  is  e x am in e d  in  t h e  p s e u d o -i .jrm o n jc  a p p ro x im a tio n . H e r e  t h e  
th e rm a l e x p a n s io n  o f  t h e  la t t ic e  a n d  th e  I n te r a c t io n s  b e tw e e n  p h o n o n s  a r e  ta k e n
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in to  c o n s id e r a t io n .  T h is  sp," v im s tio n  is  v a f id  fo r  c a s e s  w h e r e  t h e  in te r a to m ic  
p o te n t ia l s  a r e  n e a r ly  p a ra b o l1'-  a s  is  t h e  c a s e  in m o st s o l id s .  T o  e x p o s e  th e  
a n h a r m o n ic  e f f e c ts  t h e  re c o i l le s s  f r a c t io n  d a ta  is  s e p a r a t e d  in to  tw o  g r o u p s  : d a ta  
m e a s u r e d  a t  m o d e ra te  a n d  h ig h  te m p a n a tu r e s  T  a  6_2/2 ir a n d  d a ta  m e a s u r e d  a t  T  
5  5  K , (K o lk  1984 , p p .  6 8 - 7 1 ) .  is  a  s o - c a l le d  h a rm o n ic  c h a r a c t e r i s t i c  te m ­
p e r a t u r e  d e f in e d  b y
oo
0D = T S * 3 )  I n  ] J / n / (2 -1 3 )
w h e r e  is  t h e  p h o n o n  s p e c tr u m  o f  th e  so lid  a n d  N Is t h e  n u m b e r  o f  a to m s. 
F rom  e q u a tio n  [ 2 ,1 3 )  I t  fo llow s t h a t  f o r  a D e b y e  so lid  0fl = 8 q  f o r  a ll a ,  w h e re  
6 q  is  t h e  D e b y e  te m p e r a tu r e .  T h e  a n h a rm o n ic  c o u n te r p a r t  o f  8n Is d e f in e d  b y
e*(r) = e„[ i  - sW r * . . .  ] (.2.14)
t o  f iv < t o r d e r ,  w h e r e  e (n )  is  t h e  a n h 'r m o n ic  c o n s ta n t  o f  o r d e r  n .
F o r  T  & 8_2/2 ir t h e  d a t a  c a n  b e  f i t t e d  b y  th e  fo /lo w in g  e q u a t io n  ( K o lk  1934,
§2 . 6 )
- l a  f ( T )  = k 2<x2>T  =
%-L [ J * 2 t( -2 )T  * (i=2 )a 
* B * - 2  6 r
U .2 J )
w h e r e  is  t h e  r ec o il e n e r g y  o f  a  f r e e  a to m . H ig h e r  o r d e r  t e rm s  In e q u a t io n  
( .2 .15 )  a r e  n e g lig ib le .  W hen e ( - 2) e q u a ls  z e r o  w e h a v e  th e  harm on ic  a p p r o x i ­
m a tio n .  T h e  q u a n t i t ie s  6_2  a n d  e ( - 2 )  c an  b e  o b ta in e d  fro m  a le a s t  s q u a r e s  f i t  
o f  t h e  d a t a .  F o r  im p u r i t ie s  in  a la t t i c e ,  d_2  p e rm i ts  t h e  e v a lu a t io n  o f  t h e  im p u r i ty  
f o r c e  c o n s t a n t .  T h e  c o n s ta n t  e { -2 )  y ie ld s  in fo rm a tio n  on  t h e  a n h a r m o n ic  te rm s  
In t h e  v ib r a t io n a l  H am ilto n ia n .
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F o r  T  S 5 K , t h e  re c o i l le s s  f ra c t io n  is, g iv e n  b y
T h e  c h a r a c t e r i s t i c  te m p e r a tu r e  6 ^ ( 7 )  e n t e r s  in t h e  e x p r e s s io n  f o r  t h e  
e le c tr o n -p h o n o n  c o u p lin g  c o n s ta n t  r e la te d  t o  t h e  Tc  o f  a  s u p e r c o n d u c t o r  (K olk  
1984 , § 2 .6 ) .
E q u a t io n s  ( 2 . J 5 )  a n d  ( 2 .1 6 )  In d ic a te  t h a t  r e c o i l le s s  f r a c t io n  m e a su re m e n ts  
s e r v e  a s  a u n iq u e  w a y  o f  s tu d y in g  th e  la t t ic e  p r o p e r t i e s .
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3 .  T H E  MOSSBAUER SPE C T R O M E T E R
3 .1  I n t r o d u c tio n
T h e  g e n e r a l  m e th o d  o f  u t i l iz in g  th e  ME is  to  m e a s u r e  t h e  t r a n s m is s io n  o f  
V -ra y s  e m itte d  b y  a s o u r c e  th r o u g h  an  a b s o r b e r  a s  a f u n c t io n  o f  t h e  s o u r c e  v e ­
lo c ity  v  r e la t iv e  t o  t h e  a b s o r b e r .  T h e  v a r ia t io n  o f  t h e  V -ra y  e n e r g y  w ith  v  is  
g iv e n  b y  t h e  D o p p le r  e q u a t io n
Ei  = V J * f 3- t J ' J )
w h e r e  i?0  is  t h e  n u c le a r  t r a n s i t i o n  e n e r g y  t r a n s f e r r e d  to  t h e  I - r a y .  In  o u r  c a s e  
t h e  t r a n s m is s io n  o f  2 3 .8 7 5  keV  3 - r a y s  t h r o u g h  a n  a b s o r b e r  c o n ta in in g  33®Sn is 
m e a s u r e d .  T h e  r e c o i l - f r e e  V -ra y  e n e r g y  o f  a ty p ic a l  M 6 ssb a u e r  t r a n s i t i o n  is  
D o p p le r  m o d u la te d  b y  a n  e le c tro m e c h a n ic a l sy s te m  o p e r a te d  in  t h e  c o n s t a n t  a c ­
c e le ra t io n  m o d e . A t a  p a r t i c u l a r  v e lo c i ty  t h e  V -ra y  e n e r g y  f ro m  th e  s o u r c e  
p r e c is e ly  m a tc h e s  t h e  n u c le a r  e n e r g y  le v e l in  t h e  a b s o r b e r  a n d  r e s o n a n t  a b ­
s o r p t io n  w ilt  o c c u r .  A s m e n tio n e d  in  c h a p te r  2 ,  a  d e g e n e r a te  e n e r g y  le v e l in  t h e  
a b s o r b e r  s p l i t s  in to  m o re  th a n  o n e  le v el d u e  to  e le c t r ic  f ie ld  g r a d i e n t s  o r  in te r n a l  
h y p e r f in e  m a g n e tic  f i e l d s .  In  t h a t  c a s e  r e s o n a n t  a b s o rp t io n  a n d  a d e c r e a s e  in 
t r a n s m is s io n  o f  V -ra y s  o c c u r s  a t  m o re  th a n  o n e  v e lo c i t y .  T h e r e f o r e  a  p lo t  o f  t h e  
i n te n s i t y  o f  t h e  t r a n s m i t te d  V -ra y s  a g a in s t  t h e  v e lo c i ty  o f  t h e  s o u r c e  y ie ld s  d i r e c t  
in fo rm a tio n  a b o u t  t h e  e n e r g y  le v e ls  in  t h e  e m ittin g  o r  a b s o r b in g  n u c le i.
In  t h e  t r a n s m is s io n  g e o m e try  i t  is  e a s ie r  to  m ove  th e  s o u r c e  a n d  k e e p  th e  
a b s o r b e r  ( s a m p le )  s t a t i o n a r y .  T h is  m a k es i t  e a s ie r  t o  c h a n g e  a b s o r b e r s  a n d  v a r y  
t h e i r  t e m p e r a tu r e .  A  sc h e m a tic  o f  t h e  ME s p e c tr o m e te r  u s e d  in  t r a n s m is s io n  
g e o m e try  f o r  s tu d i e s  a t  low te m p e r a tu r e s  is  sh o w n  in  f i g .  3 . 1 . 1 .  T h e  m ain 
c o m p o n e n ts  a r e ,  t h e  e le c tro m e c h a n ic a l d r iv e  sy s te m  t h a t  im p a r ts  a  v e lo c i ty  t o  t h e  
s o u r c e ,  th e  m u lt i - c h a n n e l  a n a ly s e r  (M CA) u s e d  f o r  c o u n tin g  th e  n u m b e r  o f  
t r a n s m i t te d  V -ra y s  a s  a f u n c t io n  o f  t h e  s o u r c e  v e lo c i ty ,  t h e  d e te c t io n  s y s te m  f o r
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F ig . 3 .1 .1  A n o v e rv ie w  o f  t h e  lo w - te m p e r a tu r e  ME f a c i l i t y  f o r  u s e  in  th e  
t r a n s m is s io n  g e o m e tr y .
r e c o rd in g  th e  t r a n s m i t te d  X -ra y s  a n d  th e  c r y o s t a t  in  w h ic h  th e  a b s o r b e r  is  k e p t  
a n d  c oo led  to  som e  low t e m p e r a tu r e .
3 . 2  T h e  M u lt i -c h a n n e l  A n a ly s e r .
A n im p o r ta n t  f e a tu r e  o f  th e  ME s p e c t r o m e te r  is  t h e  ( m u lt i -c h a n n e l  a n a ly s e r )  
MCA w h ich  p e r f o rm s  d a t a  a c q u is i tio n  a n d  s y n c h r o n iz a t io n .  I t  c an  b e  o p e ra te d  in 
tw o  b a s ic  m o d e s .
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( e )  P u ls e  H e ig h t A n a ly s i s  Node. In  t h e  m o s t common a p p lic a tio n  o f  p u ls e  
h e ig h t  a n a ly s i s  (R H A ), a d e t e c to r  is  p la c e d  n e a r  a r a d io a c t iv e  s o u r c e .  T h e  d e ­
te c t o r  p r o d u c e s  a v o lta g e  p u ls e  w h o se  a m p li tu d e  is  p r o p o r t io n a l  to  t h e  e n e r g y  o f  
th e  in c id e n t  r a d ia t io n .  F ig . 3 .2 .1  ( a )  is  a  p h o to g r a p h  o f  v o l ta g e  p u ls e s  a s  t h e y  
m ig h t a p p e a r  a t  th e  o u tp u t  o f  a n  a m p lif ie r .
T h e  s tr e a m  o f  p u ls e s  is t h e n  f e d  to  t h e  A n a lo g - to -D ig i ta l  C o n v e r te r  (A D C ). 
T h e  A D C d iv id e s  t h e  to ta l  r a n g e  o f  t h e  i n p u t  v o l ta g e  in to  a n u m b e r  o f  d i s c r e t e  
i n te r v a ls  c a lle d  AD C c h a n n e ls .  R e f e r r in g  to  f i g  3 .2 .1  (Z>), t h e  co lum n  o f  n u m b e rs  
on  t h e  r i g h t  in d ic a te s  t h e  n u m b e r  o f  p u ls e s  f a l l in g  in to  e a c h  AD C c h a n n e l .  F o r  
e a c h  p u ls e  w h ic h  f a l l s  w ith in  a  s p e c i f ic  v o l ta g e  in te r v a l  ( c o r r e s p o n d in g  to  a 
s p e c if ic  e n e r g y  in t e r v a l ) ,  o n e  " c o u n t"  is  ta l l ie d  in  t h e  c o r r e s p o n d in g  d a ta  m em ory  
s to r a g e  lo c a tio n  o r  c h a n n e l .  T h e r e  e x i s t s  a  o n e  to  o n e  m a p p in g  o f  A D C c h a n n e ls  
t o  d a ta  m em ory  c h a n n e ls .  E x am p les o f  RHA s p e c t r a  a r e  sh o w n  in  f i g u r e s  S . 2 .2  
a n d  5 .2 .  J .  A r a d io a c t iv e  iso to p e  p r o d u c e s  a  c h a r a c t e r i s t i c  a n d  r e a d ily  id e n tif ia b le  
s p e c t r u m  o f  t h i s  t y p e .  E ach p o in t  in  t h e  s p e c t r u m  r e p r e s e n t s  t h e  c o u n ts  ta l l ie d  
in  a s in g l e  d a ta  c h a n n e l ; eac h  c h a n n e l  r e p r e s e n t s  a  v o l ta g e  ( e n e r g y )  in t e r v a l .  
T h e  u s e  o f  t h e  RHA m ode in th e  M o s s b a u e r  s p e c t r o m e te r  w ill b e  e x p la in e d  b e lo w .
(6 )  H u lt i- c h a n n e l  s c a l in g  a o d e . In  t h e  m u lt i - c h a n n e l  s c a l in g  (M CS) m ode 
th e  in p u t  p u ls e s ,  e a c h  o f  w h ich  r e p r e s e n t s  a s p e c if ic  e v e n t  ( f o r  e x a m p le , th e  
d e te c t io n  o f  a  T - r a y ) ,  a r e  m e a su re d  a s  a  f u n c t io n  o f  tim e . MCS o p e ra t io n  e f ­
f e c t iv e ly  e m p loys t h e  d a ta  m em ory  a s  a  s e r i e s  o f  s c a la r s  ( p u ls e  c o u n t e r s ) .  A s 
t h e  p u ls e s  a r e  d e te c te d  a t  th e  MCS in p u t ,  th e y  a r e  c o u n te d  in  a h ig h - s p e e d  
r e g i s t e r  f o r  a p r e s e t  in te r v a l  (d w e ll t im e ) .  A t t h e  e n d  o f  e a c h  in te r v a l  t h e  v a lu e  
in  t h e  s c a la r  is  a d d e d  t o  th e  c o n te n ts  o f  t h e  c u r r e n t  m em ory  c h a n n e l  a n d  th e  
s c a la r  is  c le a re d  a n d  a d v a n c e d  f o r  t h e  n e x t  dw ell i n te r v a l ;  t h e  v a lu e  o f  t h e  s c a la r  
f o r  t h i s  n e x t  dw ell tim e  will b e  a d d e d  to  t h e  n e x t  c h a n n e l ,  a n d  so  o n .  W hen 
p u ls e s  h a v e  b e e n  ta llie d  in a ll o f  t h e  c h a n n e ls ,  a  " sw e e p "  h a s  o c c u r r e d ;  t h e  b e ­
g in n in g  o f  t h e  n e x t  sw ee p  s t a r t s  a t  t h e  f i r s t  c h a n n e l ,  a n d  th e  a b o v e  s » iu e n e e  
o f  e v e n t s  is  r e p e a te d .  T h is  c o n t in u e s  u n t i l  a  s u f f i c ie n t  n u m b e r  o f  c o u n ts  h a v e  
b e e n  a c q u i r e d  in  e a c h  c h a n n e l .
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(a) (b)
F ig . 3 .2 .1  ( a )  A p h o to g r a p h  o f  p u ls e s  fro m  a C aSnO g s o u r c e  a s  t h e y  a p p e a r  
a t  t h e  o u tp u t  o f  a n  a m p lif ie r ,  ( b )  T h e  AD C p r o c e s s .
F o r  u s e  in M o ssb a u e r  s t u d i e s ,  t h e  MCS sc a n  is  s y n c h ro n iz e d  w ith  t h e  m o tion  
o f  a n  e le c tro m e c h a n ic a l d r i v e . .  T h e  c h a n n e ls  o f  t h e  MCS s p e c tr u m  a r e  th e n  d i ­
r e c t ly  r e la te d  t o  t h e  v e lo c i ty  o f  a  s o u r c e  a t ta c h e d  to  t h e  d r iv e  s y s te m .
T h e  s t a t i s t ic a l  b e h a v io r  o f  t h e  t  e m iss io n  r e s u l t s  in a s t a n d a r d  d e v ia t i o n  of 
VN f o r  a to ta l  N o f  r e g i s t e r e d  Z c o u n ts  p e r  c h a n n e l .  H en ce  th e  lo n g e r  t h e  c o u n t in g  
tim e , t h e  b e t t e r  t h e  d e f in i tio n  o f  t h e  r e s o n a n c e  lin e ;  b u t  t h e  im p ro v e d  r e s o lu t io n  
to  b e  g a in e d  m u s t  b e  b a la n c e d  a g a in s t  t h e  e x p e r im e n ta l  tim e  a v a i la b le  a n d  th e  
lo n g - te rm  s ta b i l i ty  o f  t h e  a p p a r a tu s .
3 .3  T h e  e le c tro m e c h a n ic a l d r iv e  s y s te m .
T h e  D o p p le r  s h i f t  o f  t h e  s o u r c e  Is p r o v id e d  b y  a n  e le c tro m e c h a n ic a l d r iv e  
s y s te m  (A u s t in  S c ie n c e  A s s o c ia te s  K3 l in e a r  m o to r)  w h ic h  is  c o n tro l le d  b y  a 
h o m e -b u i l t  d r iv e  a m p lif ie r  ( C o r s o n  1 9 8 0 ) . T h e  a m p lif ie r  is  f e d  w ith  a r e f e r e n c e  
v o l ta g e  w av e fo rm  fro m  t h e  MCA w h ic h  h a s  a  f r e q u e n c y  o f  5  H z. T h e  a c tu a l  d r iv e  
o r  t r a n s d u c e r  e m b o d ies tw o  c o i ls ,  o n e  o f  w h ic h  p r o d u c e s  e  v o l ta g e  p r o p o r t io n a l  
t o  t h e  a c tu a l  v e lo c ity  o f  a c e n t e r  s h a f t .  T h e  d r iv e  a m p lif ie r  c o m p a re s  t h i s  s ig n a l
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t o  t h e  r e f e r e n c e  w av e fo rm  v ia  n e g a t iv e  f e e d b a c k  a n d  a p p lie s  c o r r s c t io n s  to  th e  
d r iv e  coil t o  m in im ize  a n y  d i f f e r e n c e s .  In t h i s  w ay  th e  M fissb a u e r  s o u r c e  a t ta i n s  
a  v e lo c i ty  w h ic h  p r e c is e ly  t r a c k s  t h e  r e f e r e n c e  w a v e  fo rm .
A s q u a r e  w a v e  s ig n a l  is  t a k e n  fr o m  t h e  MCA a n d  in t e g r a t e d  to  y ie ld  a t r i ­
a n g u la r  w a v e fo rm  ( l in e a r  v e lo c i ty ,  c o n s t a n t  a c c e le ra t io n )  w h ic h  is  u s e d  a s  th e  
r e f e r e n c e  v o l ta g e .  T h e  sy m m etr ic a l t r i a n g u la r  w av e fo rm  c a u s e s  a v e lo c i ty  s c a n  
o f  t h e  s p e c t r u m  w ith  c o n s ta n t  a c c e le ra t io n  in  o p p o s i t e  d i r e c t i o n s ,  a l t e r n a t e l y .  
T h is  p r o d u c e s  a d o u b le  ( m ir ro r - im a g e )  s p e c t r u m . T h e  l in e a r i t y  a n d  s t a b i l i t y  o f  
o u r  d r iv e  s y s te m  is  im p ro v e d  s ig n i f ic a n t ly  o v e r  t h a t  o f  c o n v e n tio n a l  d r iv e  sy s te m s  
b y  u s in g  a  c o r r e c t io n  s ig n a l  in  a d d it io n  to  t h e  n e g a t iv e  f e e d b a c k  ( f o r  d e ta i l s  s e e  
C o rs o n  1 9 8 0 ) . T h e  v e lo c i ty  is  v a r ie d  l in e a r ly  u p  to  a m axim um  o f  a p p ro x im a te ly  
10 m m /se c .
3 .4  D e te c t io n  E q u ip m e n t.
T h e  t f - r a y  d e te c t io n  sy s te m  u s e d  in  ME e x p e r im e n ts  is  m a d e  u p  o f  a d e t e c to r ,  
p r e a m p l i f ie r ,  m ain a m p lif ie r  a n d  a d is c r im in a to r .  In  o u r  e x p e r im e n t  tw o  d i f f e r e n t  
t y p e s  o f  d e t e c to r s  w e r e  u s e d  : a  p r o p o r t io n a l  c o u n te r  a n d  a  p la n a r  g e rm a n iu m  
d e t e c to r .
T h e  p r o p o r t io n a l  c o u n te r  is  a  g a s - f i l l e d  o u t e r  c a s in g  w ith  a c e n t r a l  e l e c t r o d e .  
T h e  in i t ia l  r e a c tio n  b e tw e e n  ra d ia t io n  w h ic h  e n t e r s  a n d  th e  g a s  in  t h e  c o u n te r .
Is t h e  p h o to e le c t r ic  e f f e c t .  In  th e  d e t e c to r  a  la r g e  p o te n t ia l  d i f f e r e n c e  a p p lie d  
a c r o s s  t h e  p o s i t iv e  c e n t r a l  e le c tr o d e  a n d  th e  o u te r  c a s in g  p r e v e n t s  r e c o m b in a tio n  
o f  t h e  l ib e r a te d  e le c t r o n s  a n d  io n s , a n d  th e  e le c tr o n s  a r e  a t t r a c t e d  to  t h e  p o s i t iv e  
e l e c t r o d e .  T h e  c h a r g e  s e n s i t iv e  p r e a m p lif ie r  g e n e r a te s  a n  o u tp u t  v o l ta g e  p r o ­
p o r t io n a l  t o  t h e  c h a r g e  r e s u l t in g  f ro m  io n iz in g  e v e n t s ,  a n d  th e r e f o r e  p r o p o r t io n a l  
t o  t h e  d e p o s i te d  e n e r g y .  T h e s e  o u tp u t  v o l ta g e s  ( p u ls e s )  a r e  d i r e c te d  to  t h e  ADC 
v ia  t h e  l in e a r  a m p lif ie r .  PHA m ode th e n  a llo w s u s  to  e x am in e  th e  e n e r g y  s p e c tr u m  
o f  t h e  %-r a y  s o u r c e .
In  h ig h  p u r i t y  g e rm a n iu m  d e t e c to r s ,  e le c t r o n -h o le  p a i r s  a r e  p r o d u c e d  b y  
a n  io n iz in g  e v e n t  in  a s e m ic o n d u c to r  (G e ) c r y s t a l .  W hen a t - r a y  is  a b s o r b e d ,  
t h e  n u m b e r  o f  c a r r i e r s  p r o d u c e d  b y  io n iz a t io n  is  l in e a r ly  r e la te d  to  t h e  e n e r g y  
a b s o r b e d .  O n ly  a  sm all a m o u n t o f  e n e r g y  (5  le V )  is  r e q u i r e d  to  p r o d u c e  an
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e le c t r o n - h o le  p a i r ;  s o  t h e  n u m b e r  o f  c a r r i e r s  p r o d u c e d  f o r  a g iv e n  e n e r g y  is 
l a r g e ,  a n d  th e  s ta t i s t ic a l  f l u c tu a t io n s  in  t h a t  n u m b e r  a r e  sm all w h en  e x p r e s s e d  
a s  a  p e r c e n ta g e  o f  t h e  t o ta l  n u m b e r .  T h e  s ta t i s t ic a l  f lu c tu a t io n  o f  t h e  n u m b e r  
o f  c a r r i e r s  W p r o d u c e d  w h e n  a  J - r a y  is  a b s o r b e d  is  1/7W. T h e  e x t e n t  o f  t h i s  
s t a t i s t i c a l  f lu c tu a t io n  a c c o u n ts  f o r  t h e  r e s o lu t io n  o f  t h e  d e t e c to r .  T h is  t y p e  o f  
d e t e c t o r  g iv e s  m u c h  b e t t e r  e n e r g y  r e s o lu t io n  th a n  t h a t  o f  a  p r o p o r t io n a l  c o u n te r  
a s  c a n  b e  s e e n  b y  c o m p a r in g  f i g u r e s  S . 2 . 2  a n d  5 .2 .3 .  F ig . 5 . 2 . 2  is  a  p u ls e  
h e ig h t  s p e c tr u m  o f  a ^ ® S n  C aS nO g  s o u r c e .  T h is  w as  o b ta in e d  w ith  a 
x e n o n -m e th a n e  f i l le d  p r o p o r t io n a l  c o u n te r  o p e r a te d  a t  a  s ta b le  v o l ta g e  o f  ~  2750 
v o l t s .  F ig . 5 . 2 . 3  sh o w s  t h a t  t h e  l in e s  a r e  b e t t e r  r e s o lv e d  w h e n  a  p u l s e  h e ig h t  
s p e c t r u m  o f  t h e  s o u r c e  w a s  r e c o r d e d  w ith  o u r  g e rm a n iu m  d e te c to r .  T h is  d e t e c to r  
c o n s i s t s  o f  a  c i r c u l a r  c y l in d e r  o f  i n t r i n s i c  G e w ith  a  b u i l t - i n  p r e - a m p l i f ie r  a n d  
h ig h  v o lta g e  s u p p ly .  U su a lly  G e - ty p e  d e t e c to r s  h a v e  to  b e  k e p t  a t  l iq u id  n i t r o g e n  
te m p e r a tu r e .  H o w ev e r a n  in t r i n s i c  G e d e te c to r  c an  b e  c y c le d  b e tw e e n  room  
te m p e r a tu r e  a n d  l iq u id  n i t r o g e n  a s  o f te n  a s  is  n e c e s s a r y .  B e fo re  u s e ,  t h e  d e t e c to r  
h a s  t o  b e  c oo led  a n d  t h i s  is  r e p e a te d  e v e r y  tw e lv e  h o u r s  f o r  t h e  d u r a t i o n  o f  t h e  
m e a s u r e m e n t .  T h e  h ig h  re s o lu t io n  o f  t h i s  d e te c to r  is  r e q u i r e d  f o r  a c c u r a t e  
r e c o i l ie s s  f r a c t io n  m e a s u re m e n ts  w h e r e  t h e r e  is  a  n e e d  f o r  t h e  d e te r m in a t io n  a n d  
s u b s e q u e n t  e lim in a tio n  o f  t h e  b a c k g r o u n d  ra d ia t io n ,  t h a t  is ,  r a d ia t io n  n o t  r e ­
s u l t i n g  fro m  th e  M o s s b a u e r  t r a n s i t i o n  b u t  h a v in g  c o m p a ra b le  e n e r g y  d u e  to  v a r ­
io u s  p r o c e s s e s  ( f o r  e x a m p le , s c a t t e r in g  o r  t h e  " ta l l"  o f  an  a d ja c e n t  x - r a y  l in e ) .
A f t e r  v ie w in g  th e  p u ls e  h e ig h t  s p e c t r u m  in PHA- m ode a w in d o w  is  s e t  w ith  
t h e  d is c r im in a to r  w h ic h  a llo w s o n ly  t h e  y - r a y s  o f  i n t e r e s t  to  b e  r e c o r d e d  in  th e  
M CS m o d e . • W hen th e  d is c r im in a to r  h a s  b e e n  s e t  a n d  w ith  t h e  MCA in  M CS m o d e , 
t h e  s p e c tr o m e te r  is  r e a d y  f o r  u s e .
3 . 5  V e lo c ity  C a lib r a t io n .
In o r d e r  to  a s s ig n  v e lo c i t ie s  t o  e a c h  c h a n n e l  in  a M o ssb a u e r  s p e c t r u m  w e 
r e q u i r e  som e m e an s  o f  v e lo c i ty  c a l ib r a t io n .  A c a l ib r a t io n  is  p e rf o rm e d  b e f o r e  a n d  
a f t e r  a  M S ssb au e r  s p e c tr u m  is  a c q u i r e d .  T h e  c o n v e n tio n a l te c h n iq u e  in v o lv e s  
r e c o r d i n g  a ®^Fe ME s p e c t r u m  o f  a n a tu r a l  iro n  fo il w ith  a s in g l e  lin e  ®^Co s o u r c e .
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T h e  ME s p e c tr u m  e x h ib i t s  s i x  a b s o r p t io n  l in e s ,  t h e  p o s i t io n s ,  a n d  th e r e f o r e  v e ­
lo c i t ie s ,  o f  w h ic h  a r e  a c c u r a te l y  k n o w n .
We u s e  a  m o re  a c c u r a te  m e th o d  f o r  c a l ib r a t in g  th e  s p e c t r u m . T h is  in v o lv e s  
a n  o p tic a l  t e c h n iq u e  t h a t  u s e s  t h e  p r in c i p le s  o f  a M ic h e l s o n - in te r f e r o m e te r .  A 
sc h e m a tic  d ia g ra m  o f  t h e  M ic h e l s o n - in te r f e r o m e te r  a s  im p lem e n te d  in  a  v e lo c i ty  
c a l ib r a t io n  sy s te m  is  sh o w n  in  f i g  3 . 5 . J .
T h e  p r in c ip le  o f  o p e r a tio n  is  a s  fo llo w s  : w h e n e v e r  t h e  d r iv e  m o v e s  a d i s ­
ta n c e  X /2 , w h e re  X is  t h e  w a v e le n g th  o f  t h e  l a s e r  l ig h t ,  a  l i g h t  a n d  a d a r k  f r i n g e  
s s  th e  p h o to d e te c to r .  T h e  f lu c t u a t i n g  l ig h t  s ig n a l  is  c o n v e r te d  in to  p u l s e s  so  
t h a t  in  a f ix e d  tim e  in te r v a l  t h e  n u m b e r  o f  p u ls e s  is  p r o p o r t io n a l  t o  t h e  d i s ­
p la c e m e n t  o f  t h e  d r iv e .  T h e  p u ls e s  a r e  f e d  in to  th e  m u lt i - c h a n n e l  a n a ly z e r  (M CS 
m o d e ) ,  a n d  th e  n u m b e r  o f  p u ls e s  c o u n te d  in  a f ix e d  tim e  g iv e s  t h e  v e lo c i ty  c o r ­
r e s p o n d i n g  to  t h a t  c h a n n e l ,  " (h is  is  c le a r  f ro m  th e  f a c t  t h a t  if  e a c h  c h a n n e l  is 
o p e n  f o r  t h e  dw ell tim e  t  t h e n  t h e  v e lo c i ty  c o r r e s p o n d in g  to  c h a n n e l  x ,  is
w h e r e  P Is t h e  n u m b e r  o f  sw e e p s  a n d  is  t h e  n u m b e r  o f  c o u n ts  ( n u m b e r  o f  h a lf  
w a v e le n g th s  t r a v e r s e d ) .  T h e  a v e r a g e  v e lo c i ty  a s s o c i a te d  w ith  e a c h  c h a n n e l  is  
a c c u r a te l y  d e te r m in e d .  F ig .  3 . 5 . 2  is  a  v e lo c i ty  c a l ib r a t io n  s p e c t r u m . T h e  n u m b e r  
o f  f r i n g e s  p a s s in g  th e  d e t e c to r  is  a  m e a s u r e  o f  | r |  a q d  th is  a c c o u n ts  f o r  t h e  
i n v e r s io n  o f  t h e  t r i a n g le  In t h e  c a l ib r a t io n  s p e c tr u m .
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F ig . 3 .5 .1  V e lo c ity  c a l ib r a t io n  sy s te m .
F ig . 3 . 5 . 2  A v e lo c i ty  c a l ib r a t io n  s p e c t r u m . T h e  coun : 
r e p r e s e n t  t h e  v e lo c i ty  a s s o c i a te d  w ith  t h a t  c h a n n e l .
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4 .  T H E  LOW T EM PER A TU RE A PP A R A T U S
4 .1  T h e  C r y o s t a t .
Low te m p e r a tu r e s  a r e  o b ta in e d  in  a J a n  is  s ta in le s s  s te e l  c r y o s t A  s c h e ­
m a tic  o f  t h e  c r y o s t a t  is  sh o w n  in  f i g .  4 . 1 . 2 .  A v a cu u m  ja c k e t  th e rm a l ly  iso la te s  
a l iq u id  n i t r o g e n  r e s e r v o i r  f ro m  t h e  s u r r o u n d i n g s .  T h e  l iq u id  n i t r o g e n  r e s e r v o i r  
e n c a p s u la t e s  a liq u id  h e liu m  r e s e r v o i r .  W hen f i l le d  w ith  l iq u id  n i t r o g e n  t h i s  a r ­
r a n g e m e n t d e c r e a s e s  ra d ia t io n a l  h e a t in g  t h a t  le a d s  t o  an  in c re a s e  in  t h e  r a t e  o f  
c o n s u m p tio n  o f  l iq u id  h e liu m . T h e  h e liu m  r e s e r v o i r  s u r r o u n d s  t h e  s a m p le  t u b e  
In to  w h ic h  th e  s a m p le  h o ld e r  is  i n s e r t e d .  A tta c h e d  to  t h e  t o p  o f  t h e  s a m p le  h o ld e r  
is  a  s a m p le  p o s i t io n e r  f o r  lo c a tio n a l c o n tr o l  o f  t h e  sa m p le  a n d  tw o  e le c t r ic a l  
f e e d th r o u g h s  t o  allow  a c c e s s  o f  e le c t r ic a l  e q u ip m e n t  su c h  a s  a th e rm o c o u p le ,  a 
te m p e r a tu r e  c o n t r o l le r  r e s i s ta n c e  s e n s o r  a n d  a  r e s i s to r  f o r  te m p e r a tu r e  m e a s u r e -
A t t h e  e n d  o f  t h e  s a m p le  h o ld e r ,  in  c lo se  p ro x im ity  to  t h e  s a m p le  m o u n t ,  
is  a  25 ohm  b i f i la r  w o u n d  n o n - m a g n e tic  h e a t e r  u s e d  in  c o n ju n c tio n  w ith  a  te m ­
p e r a t u r e  c o n t ro l le r  to  allow  te m p e r a tu r e  s ta b i l iz a t io n  o f  th e  sa m p le . T h e r e  is  a ls o  
a  m o u n tin g  p ro v is io n  f o r  a h ig h ly  r e p r o d u c ib le  te m p e r a tu r e  s e n s in g  C a r b o n  G la s s  
R e s is t o r .  A lso  a t ta c h e d  to  t h e  e n d  o f  t h e  s a m p le  t u b e  is  a 25  ohm  b i f i la r  w o u n d  
n o n - m a g n e tic  v a p o r iz e r  h e a t e r  t h a t  is  u s e d  to  v a r y  t h e  t e m p e r a tu r e  in  t h e  s a m p le
T h e  s a m p le  t u b e  h a s  a v a p o r  p u m p in g  p o r t  to  w h ich  a  m e c h a n ic a l p u m p  is  
c o n n e c te d  th r o u g h  a c o n n e c t in g  l in e . P u m p in g  o n  l iq u id  he lium  t h a t  h a s  c o n ­
d e n s e d  a t  t h e  b o tto m  o f  t h e  s a m p le  t u b e  a llo w s u s  to  o b ta in  t e m p e r a tu r e s  a s  low 
a s  1 .5  K . A  n e e d le  v a lv e  p e rm i ts  c o n t ro l le d  flow  o f  liq u id  he lium  in to  t h e  s a m p le  
tu b e  f ro m  t h e  he lium  r e s e r v o i r  t h u s  a llo w in g  th e  sa m p le  t o  a t ta i n  r e d u c e d  te m ­
p e r a t u r e s .
T h e  c r y o s t a t  w as  m o u n te d  on  a  s p e c ia l ly  c o n s t r u c te d  ta b le  b y  m e a n s  o f  a 
m o u n tin g  f la n g e .  A w ooden  b a s e  is  c o u p le d  to  a  m e ta l fra m e  b y  m e a n s  o f  s h o c k  
a b s o r b e r s  a n d  t h i s  c o m b in a t io n  f o rm s  a ta b l e . l i k e  s u p p o r t .  S h o c k  a b s o r b e r s  a r e
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needle valve
control knob
cryostet
sareple mount -  
vaporizer hKiter —
.electrical feedthrough
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v#por pumping port 
" helium reservoir j
 gas recovery port
, (not shown)
-  helium fill tube
-  helium reservoir outline
— vacuum thermal isolation tube 
■ sample tube
F ig . 4 .1 .1  A sc h e m a tic  d ia g ra m  o f  t h e  J a n i s  M tissb au e r  c r y o s t a t .
a lso  a t ta c h e d  to  t h e  le g s  o f  th e  t a b l e .  T h e  s h o c k  a b s o r b e r s  n u l l i fy  t h e  e f f e c t  
o f  v ib r a t io n s  on  th e  c r y o s t a t  d u e  to  m e c h a n ic a l p u m p s , a i r  c o n d it io n in g  u n i t s  a n d  
c o m p re s s o r s .  V ib ra t io n s  c a u se  s p e c t r a l  l in e  b r o a d e n in g  w h ic h  c an  m a sk  th e  e f f e c t  
o f  h y p e r f in e  in te r a c t io n s .  A Z eo lite  pu m p  is  a t ta c h e d  to  t h e  ta b le  a n d  is  u s e d
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f o r  t h e  e v a c u a t io n  o f  t h e  o u te r  ja c k e t  o f  t h e  c r y o s t a t .  A p la n  v iew  o f  t h e  s e tu p  
is  s h o w n  in  f i g .  4 . 1 . 2  ( s )  a n d  a  s id e  v ie w  is  sh o w n  in f i g .  4 .1 .2  ( 6 ) .
T h e  m y la r  w in d o w s in d ic a te d  in  f i g .  4 . 1 . 1  a llow  tr a n s m is s io n  o f  5f r a y s .  
T h e y  a r e  v a c u u m  se a le d  a n d  h a v e  a  low  a b s o r p t io n  c o e f f ic ie n t  f o r  t h e  1" r a y s  o f  
i n t e r e s t .  T h e  w in d o w s a r e  s i t u a te d  s o  t h a t  v e r t i c a l  o r  h o r iz o n ta l t r a n s m is s io n  
o f  r  r a y s  is  a llo w e d . If  th e  s o u r c e  h a s  a  h ig h  re c o il le s s  f r a c t io n  a t  room  te m ­
p e r a tu r e  i t  c an  b e  s i t u a te d  o u ts id e  t h e  c r y o s t a t  a n d  th e  h o r iz o n ta l t r a n s m is s io n  
g e o m e try  is  s u i t a b le .  V e r t ic a l  t r a n s m is s io n  g e o m e try  is  u s e d  w h en  th e  s o u r c e  
h as  t o  b e  m a in ta in e d  a t  a  low  te m p e r a tu r e  t o  in c re a s e  t h e  r e c o ille s s  f r a c t io n .
T h e  c r y o s t a t  is  s u p p o r te d  a b o v e  a  h o le  in  t h e  f lo o r ,  o f  d im e n s io n s  o n e  m e te r  
s q u a r e d ,  to  allow  th e  v e r t i c a l  tr a n s m is s io n  g e o m e tr y . O u r  s o u r c e  e x h ib i t s  a  h ig h  
r e c o ille s s  f r a c t io n  a t  room te m p e r a tu re  a s  j u d g e d  f ro m  th e  p e rc e n ta g e  e f f e c t  o b ­
s e r v e d  (~ 20 %) w h en  a room te m p e r a tu r e  s p e c t r u m  w as  r e c o r d e d .  We a r e  t h u s  
a b le  t o  u s e  t h e  c r y o s t a t  in h o r iz o n ta l t r a n s m is s io n  g e o m e tr y . T h e  d r iv e  a n d  
v e lo c i ty  c a l ib r a t io n  sy s te m s  w e re  m o u n te d  o n  j a c k s ,  th e  h e ig h ts  o f  w h ic h  c o u ld  
b e  v a r ie d  to  m ax im i:i tra n s m is s io n  th r o u g h  th e  m y la r  w indow s a n d  a b s o r b e r .
T h e  d r iv e  a n d  v e lo c i ty  c a l ib ra t io n  s y s te m  w e r e  f i r s t  m o u n te d  on  foam  r u b b e r  
s u p p o r t s  to  d a m p e n  v ib r a t io n s .
F ig . 4 . 1 . 3  sh o w s  a g a s  d is t r ib u t io n  f a c i l i t y  a n d  m e ch a n ica l v a cu u m  p u m p  
u s e d  f o r  r e c o v e r y  o f  “He g a s  a n d  to  a llow  p u m p in g  on  l iq u id  *He to  o b ta in  te m ­
p e r a tu r e s  a s  low a s  1 .5  K . T h e  fa c i l i ty  h a s  in le ts  fro m  th e  s to r a g e  d e w a r ,  
c r y o s t a t  he lium  r e s e r v o i r  a n d  sa m p le  t u b e .  A ll r e c o v e r e d  he lium  g a s  is  r e c o rd e d  
on  a g a s  m e te r  a n d  is  d i r e c te d  to  t h e  c e n t r a l  r e c o v e r y  s y s te m . In c a s e s  w h e r e  
t h e  m e ch a n ica l p u m p  is  u s e d  to  pu m p  on  l iq u id  h e liu m , t h e  r e s u l t in g  o il-h e liu m  
g a s  m ix tu re  is  d i r e c te d  th r o u g h  an  o il f i l t e r  t o  e x t r a c t  t h e  helium  g a s .
B e fo r#  c o o lin g , th e  a b s o r b e r  is  m o u n te d  on th e  sa m p le  h o ld e r  a n d  in s e r t e d  
in t h e  c r y o s t a t .  S t a r t in g  u p  p r o c e d u r e s  in v o lv e  e v a c u a t in g  th e  o u te r  ja c k e t  o f  
t h e  c r y o s t a t  to  ~10*^ T o r r .  T h e  l iq u id  n i t r o g e n  r e s e r v o i r  Is th e n  f i l le d  a n d  th e  
c r y o s t a t  is  le f t  to  cool o v e r n ig h t .  T h e  liq u id  n i t r o g e n  level is m a in ta in e d  a b o v e  
th e  l iq u id  h e liu m  r e s e r v o i r  b y  an  a u to m a tic  f i l l in g  s y s te m . T h e  f ill in g  s y s te m  
in c o rp o r a te s  a  c ry o g e n ic  le v el d e te c to r  a n d  a s s o c i a te d  e le c tr o n ic s  d e s ig n e d  a n d  
b u i l t  in  t h e  M S ssb a u e r  la b o ra to r y .  T h e  le v e l d e t e c to r  c o n s is t s  o f a le n g th  o f
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SUPPORTING TRACK
F ig . 4 . 1 . 2  T h e  e x p e r im e n ta l s e tu p  a s  v ie w e d  fro m  ( a )  a b o v e ,  ( b )  t h e  s id e .
ho llow  te f lo n  t u b in g  (low  th e rm a l c o n d u c t iv i ty )  in to  w h ic h  tw o  A llen  B r a d le y  
c a r b o n  c o m p o sitio n  r e s i s to r s  a r e  f i x e d .  T h e i r  r e s i s ta n c e  c h a n g e s  b y  o r d e r s  o f  
m a g n itu d e  w h e n  th e  te m p e r a tu r e  is  c h a n g e d  f ro m  a m b ie n t to  77 K ( l iq u id  n i t r o ­
g e n ) .  T h is  p r o p e r ty  s e r v e s  a s  a t r i g g e r i n g  m e ch a n ism  e n a b lin g  th e  r e s i s t o r s  to  
b e  u s e d  a s  " h ig h "  a n d  "low " le v el s e n s o r s .  W hen th e  l iq u id  n i t r o g e n  le v e l d r o p s  
be low  th e  " low " le v el s e n s o r  a c o m p re s s o r  Is t r i g g e r e d  to  p r e s s u r i z e  a  liq u id  n i­
t r o g e n  s to r a g e  d e w a r .  T h e  n i t r o g e n  r e s e r v o i r  o f  th e  c r y o s t a t  is  f i l le d  u n t i l  th e  
" h ig h "  le v el s e n s o r  t r i g g e r s .
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F ig . 4 . 1 . 3  T h e  g a s  d is t r ib u t io n  f a c i l i t y  a n d  p u m p in g  s y s te m  u s e d  f o r  He 
r e c o v e r y  a n d  u s e d  to  a c h ie v e  te m p e r a tu r e s  a s  low a s  1 .5  K.
T h e  he lium  r e s e r v o i r  is  th e n  m a n u a lly  f i l le d  fro m  a  s to r a g e  d e w a r  w ith  t h e  
a id  o f  a f le x ib le  t r a n s f e r  t u b e .  T h e  v a cu u m  g a u g e  a n d  g a s  m e te r  a r e  m o n ito re d  
c lo s e ly  d u r in g  th e  f i l l i n g .  A n in i t ia l  f a s t  te m p o  o f  t h e  g a s  m e te r  in d ic a t e s  a 
s ig n i f i c a n t  bo il o f f  o f  he lium  d u e  t o  c o o lin g  o f  t h e  h e liu m  r e s e r v o i r .  U pon 
c o n d e n s a t io n  o f  he lium  in  t h e  r e s e r v o i r ,  t h e  v a cu u m  is  r e d u c e d  to  be low  10*® 
T o r n .  T h e  m a in te n a n c e  o f  t h i s  v a c u u m  a n d  a  r e d u c t io n  in  t h e  b o i l- o f f  r a t e  a s  
i n d ic a t e d  b y  th e  g a s  m e te r ,  s ig n a ls  h e liu m  a c c u m u la t io n  in  t h e  r e s e r v o i r .  
N o rm ally  t h e  f iv e  l i t r e  he lium  r e s e r v o i r  is  f i l le d  to  a p p ro x im a te ly  80 % c a p a c i ty  
s u f f i c i e n t  to  la s t  24 to  36 h o u r s  M ig .  4 . 1 . 4 ) . '  T h e  le v e l o f  t h e  l iq u id  h e liu m  is 
m e a s u r e d  w ith  a  d ip s t ic k .  T h e  n e e d le  v a lv e  c o n n e c t in g  th e  h e liu m  r e s e r v o i r  to  
t h e  s a m p le  t u b e  is  th e n  o p e n e d  to  allow  l iq u id  he lium  flow  in to  t h e  s a m p le  t u b e .  
In  t h i s  w ay  th e  a b s o r b e r  is  co o led  to  l iq u id  he lium  te m p e r a tu r e ,  4 .2  K . T h e  
c o o lin g  r a t e  in  t h e  sa m p le  t u b e  c an  b e  v a r i e d .  A n e e d le  v a lv e  a t ta c h e d  to  th e  
v a p o r  p u m p in g  p o r t  a llow s o n e  to  c h a n g e  t h e  s p e e d  a t  w h ic h  v a p o r  is  p u m p e d  
o f f  liq u id  he lium  t h a t  h a s  c o n d e n s e d  a t  t h e  b o tto m  o f  t h e  s a m p le  t u b e .
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F ig . 4 . 1 . 4  H e co n su m p tio n  in  t h e  c r y o s t a t .
In  su m m ary , im p o r ta n t  f e a tu r e s  o f  t h e  c r y o s t a t  a re
(1 ) t h e  te m p e r a tu r e  o f  t h e  s a m p le  is  e a s i l y  v a r ie d  b e tw e e n  4  K  a n d  
300 K b y  m e an s o f  v a p o r iz e r  h e a t e r  p o w e r ,
(2 ) p u m p in g  on  *He t h a t  h a s  c o n d e n s e d  in  t h e  s a m p le  t u b e  a llow s 
o n e  to  o b ta in  te m p e r a tu r e s  a s  low  a s  1 .5  K,
( 3 )  t h e  c o n s tr u c t io n  o f  t h e  c r y o s t a t  a llo w s o n e  to  m a in ta in  e i t h e r  th e  
s o u r c e  o r  t h e  a b s o r b e r  o r  b o th  a t  low  t e m p e r a tu r e s .  T h is  is  
n e c e s s a r y  d e p e n d in g  on  th e  c h a r a c t e r i s t i c s  o f  t h e  s o u r c e ,  a n d
(4 )  t h e  sa m p le  c an  e a s ily  b e  c h a n g e d .
4 . 2  T e m p e r a tu r e  c o n tro l  a n d  s t a b i l i t y .
A lle n  B ra d le y  (A B ) c a rb o n  c o m p o s itio n  r e s i s to r s  w e r e  u s e d  a s  te m p e r a tu r e  
s e n s o r s .  A 479 ohm  AB r e s i s to r  w a s  u s e d  a s  t h e  s e n s o r  f o r  a te m p e r a tu r e  r e g ­
u la to r  a n d  a 74 ohm  AB r e s i s to r  w as  u s e d  to  m e a s u re  t h e  te m p e r a tu r e .  B oth  
r e s i s to r s  w e re  c , .<t 300  K , 77 K a n d  4 .2  K p r io r  to  p e rf o rm a n c e  o f  e x ­
p e r im e n ta l  r u n s .  "'.'I* low te m p e r a tu r e  p o in ts  w e re  o b ta in e d  b y  im m ers in g  th e
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r e s i s to r s  in  c ry o g e n  s to r a g e  d e w a rs  a n d  r e c o rd in g  th e  r e s i s to r  v a lu e s  on  a 
h a n d - h e ld  d ig i t a l  m u lt im e te r .  T h e  c a l ib r a t io n  c u r v e s  a r e  sh o w n  in  f i g .  4 . 2 . 1 .
In  o r d e r  t o  m a in ta in  s ta b i l i ty  a t  low te m p e r a tu r e s ,  a  te m p e r a tu r e  r e g u la to r  
w a s  b u i l t .  T h e  r e g u la to r  w as  m ode lled  a f t e r  t h a t  o f  N ew  r o c k ,  W a g n e r  a n d  
R o se n th a l (1 9 7 7 ). T h e  r e g u la to r  w as  o p e r a te d  w ith  t h e  479 ohm  AB r e s i s t iv e  
s e n s o r  w h o se  r e s i s ta n c e - te m p e r a tu r e  b e h a v io r  is  sh o w n  in  f i g .  4 . 2 . 1 .  I t  c a n  a lso  
b e  o p e r a te d  w ith  a  c a p a c i t i v e  s e n s o r  w h ic h  is  u n a f f e c te d  b y  th e  a p p lic a t io n  of 
m a g n e tic  f ie ld s .
A b lo c k  d ia g ra m  o f  t h e  r e g u la to r  is  sh o w n  in  f i g .  4 . 2 . 2 .  T h e  s e n s o r  ( r e ­
s i s t o r  Rs  )  a n d  h e a t e r  ( r e s i s t o r  ) a r e  r e q u i r e d  to  b e  In g o o d  th e rm a l  c o n ta c t  
w ith  t h e  s a m p le  m o u n t .  T h e  r e s i s t iv e  s e n s o r  w a s  s e c u r e l y  a t ta c h e d  w ith  c o p p e r  
w ir e  on  th e  s a m p le  m o u n t a d ja c e n t  to  t h e  sa m p le . T h e  25  ohm  h e a t e r  c lo s e  to  
t h e  s a m p le  h o ld e r  w as  u s e d  a s  R ^ . T h e  te m p e r a tu r e  c o n tro l  p o in t  is  d e te rm in e d  
b y  th e  r e s i s ta n c e  o f  Rq . D ep e n d in g  on  th e  s e n s o r  te m p e r a tu r e  r e la t iv e  t o  th e  
c o n tro l  p o in t ,  an  e r r o r  s ig n a l  a t  t h e  o s c i l la to r  f r e q u e n c y  is  p r o d u c e d  e t  xhe  o u tp u t  
o f  t h e  a c t iv e  b r i d g e .  T h e  a c t iv e  b r id g e  y ie ld s  an  o u tp u t  t h a t  is  l in e a r ly  r e la te d  
t o  t h e  i n p u t  v o l ta g e  a n d  to  t h e  d i f f e r e n c e  b e tw e e n  Rs  a n d  Rp. A n a p p r o p r ia te  
c o m p o n e n t o f  t h i s  s ig n a l  is  p h a s e  d e t e c t e d ,  a n d  th e  o u tp u t  a f t e r  f i l t e r i n g  is  a p ­
p l ie d  to  t h e  h e a t e r .
T h e  p h a s e  s e n s i t iv e  d e t e c to r  c i r c u i t  is  b u i l t  a s  p a r t  o f  t h e  r e g u la to r  a v o id in g  th e  
n e e d  f o r  a c o s t ly  com m erc ia l p h a s e  s e n s i t i v e  d e te c to r  in  t h e  f e e d b a c k  lo o p . T h e  
p h a s e  s h i f t e r  is  o n ly  u s e d  f o r  c o n t ro l le r  o p e ra t io n  w ith  a  c a p a c i t i v e  s e n s o r .  T h e  
g ,iin  a n d  tim e  c o n s t a n t  o f  t h e  r e g u la to r  is  a d ju s ta b le  t o  o p tim iz e  i t s  o p e ra t io n .
T h e  c o n tro l  p o in t  (Rp )  w as  s e t  a t  a  te m p e r a tu r e  h ig h e r  t h a n  t h a t  a t  w h ic h  
t h e  m e a s u re m e n t w as  t o  b e  p e r f o rm e d . B y  m a in ta in in g  a  c o n s t a n t  c o o lin g  r a t e ,  
a  c o n s ta n t  c u r r e n t  is  s u p p l i e d  t o  t h e  h e a t e r  to  o f f s e t  t h e  c o o lin g  a n d  e q u a liz e  
ffp a n d  Rp, t h e  c o n tro l  p o in t  te m p e r a tu r e  a n d  th e  sa m p le  te m p e r a tu r e ,  r e s p e c ­
t i v e ly .  O p e r a t e d  in  t h i s  w a y , a h e a t e r  c u r r e n t  o f  a p p ro x im a te ly  2 0  mA is  r e g u ­
l a te d ,  t h u s  s ta b i l i z in g  t h e  t e m p e r a tu r e  o f  t h e  sa m p le . T h e  m axim um  allow ed  
h e a t e r  c u r r e n t  is  120 mA a n d  is  low  e n o u g h  to  a llow  m inim al p o w e r  i n p u t  in to  t h e  
s a m p le  z o n e . T h e  a l t e r n a t iv e  w ay  o f  u s in g  th e  r e g u la to r  is  to  a llow  Rp a n d  Rs  
t o  e q u a liz e  s q  t h a t  t h e  h e a t e r  c u r r e n t  is  r e g u la te d  a b o u t  a  z e r o  v a lu e . T h is
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Resistance
(ohms)
□ temperature sensor
resistance thermometer
F ig . 4 .2 .1  C a lib ra t io n  c u r v e s  o f  t h e  r e s i s to r s  u s e d  f o r  te m p e r a tu r e  c o n tro l  
a n d  m e a su re m e n t.
e f f e c t iv e ly  m e an s r e g u la t in g  t h e  c o o lin g  o f  t h e  s a m p le  w h ic h  is  d i f f ic u l t  b e c a u s e  
o f  te m p e r a tu r e  g r a d ie n ts  a r d  te m p e r a tu r e  f lu c tu a t io n s  in t h e  s a m p le  t u b e .  T h e  
74 ohm  A B r e s i s to r  u s e d  to  m o n ito r  t h e  te m p e r a tu r e  w as s e c u r e ly  a t ta c h e d  to  t h e  
s a m p le  m o u n t in c lo se  p ro x im ity  t o  t h e  sa m p le . R e s is ta n c e  v a lu e s  w e r e  r e a d  o ff  
a  d ig i t a l  m u lt im e te r .
F o r  m e a su re m e n ts  a t  22 K a n d  be low  th e  74 ohm  AB r e s i s to r  sh o w e d  a  d r i f t  
o f  l e s s  t h a n  0 .5  ohm s o v e r  a  24 h o u r  p e r io d .  T h is  c o r r e s p o n d s  t o  a te m p e r a tu r e  
s t a b i l i ty  o f  100 mK a t  22 K a n d  b e t t e r  a t  lo w e r  t e m p e r a tu r e s .  T e m p e r a tu r e s  
b e tw e e n  77 K a n d  120 K d r i f t e d  b y  2 K a b o u t  t h e  m e a su r in g  p o in t  in  t h e  w o rs t  
c a s e .  A b o v e  150 K th e  te m p e r a tu r e  d r i f t e d  a s  m uch  a s  5  K a b o u t  t h e  m e a s u r in g  
p o in t .  T h e  d e c r e a s e  in s ta b i l i ty  a t  t h e  h ig h e r  te m p e r a tu r e s  is  d u e  to  th e  la ck  
o f  s e n s i t iv i ty  o f  Rs  t o  c h a n g e s  in  t e m p e r a tu r e  a b o v e  77 K . T h is  c a n  b a  o v e rc o m e  
b y  u s in g  a  r e s i s to r  w ith  g r e a t e r  s e n s i t i v i t y  In t h e  h ig h e r  t e m p e r a tu r e  r a n g e .
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tuned amplifier
F ig . 4 . 5 . 2  A b lo c k  d ia g ra m  o f  t h e  te m p e r a tu r e  r e g u la to r .
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5 . M O SSBA U ER E F F E C T  S T U D IE S ON N B -SN  COMPOUNDS
5 .1  I n tr o d u c tio n
T e c h n o lo g ic a l ly ,  s u p e r c o n d u c t o r s  w ith  h ig h  t r a n s i t i o n  te m p e r a tu r e s  a n d  h ig h  
u p p e r  c r i t ic a l  f ie ld s  h a v e  th e  m o s t p r a c t ic a l  v a lu e .  T h e  o p e ra t in g  te m p e r a tu r e  
r a n g e  is  m ore  a c c e s s ib le  a n d  th e y  c an  p r o d u c e  a n ti to l e r a t e  h ig h  m a g n e tic  f ie l d s .  
A n e x am p le  is  t h e  ty p e  II s u p e r c o n d u c to r  N b ^S n  w ith  Tp  ~ 1 8 .0 5  K a n d  ~  22 
T  ; I t  h a s  o n e  of t h e  h ig h e s t  know n t r a n s i t io n  te m p e r a tu r e s .  T h is  m a te r ie l is 
o f  te c h n o lo g ic a l u s e  in  t h e  c o n s t r u c t io n  o f  h ig h  f i e l e .  low p o w er  c o n s u m p tio n , 
s u p e r c o n d u c t in g  m a g n e ts .
S u p e r c o n d u c t in g  ta p e  is s y n th e s iz e d  u s in g  t in  w ire  a n d  n iob ium  w ith  t h e  
in te n t io n  o f  o b ta in in g  a  N bgSn la y e r .  R e c e n t  w o rk  o f  G low cki a n d  C h o jc h a n  
(1983 ) in d ic a t e s  a  d e p e n d e n c e  o f  t h e  la y e r  p h a s e  c o m p o s itio n  on th e  m e th o d  o f  
p r e p a r a t i o n ,  t h a t  i s ,  o n  s u c h  p a ra m e te r s  a s  t h e  w e t t in g  a n d  a n n e a l in g  te m p e r ­
a t u r e s .  Id e a lly  o n e  w o u ld  r e q u i r e  t h a t  t h e  s u p e r c o n d u c t in g  la y e r  c o n s is t  a lm o s t 
e n t i r e ly  o f  t h e  p -N b ^ S n  p h a s e  b u t  fro m  th e  N b -S n  p h a s e  d ia g ra m , f i g .  S . 1 .2 ,  
i t  is  e v id e n t  t h a t  t h e  m o re  u n d e s i r a b le  N b g S n ^  a n d  N bSng p h a s e s ,  a n d  N b -S n  
so lid  s o lu t io n s  m ay b e  o b ta in e d .
^ ® S n  ME s p e c t r o s c o p y  is  a  n o n - d e s t r u c t iv e  m e th o d  o f  s tu d y in g  t h e  p h a s e  
c o m p o s itio n  o f  th e  N b -S n  la y e r s  in  N b -S n  s u p e r c o n d u c t in g  t a p e .  S u c h  a  p h a s e  
a n a ly s i s  h a s  b e e n  p e rf o rm e d  b y  G row ck i a n d  C h o jc h a n  (1 9 8 3 ), a n d  S i te k  e t  a l .  
(1& 78). We fo llow ed  t h e  e v o lu tio n  o f  t h e  ^ S n  M o ssb a u e r  s p e c tr u m  o f  c om m erc ia l 
N b -S n  ta p e  f ro m  300 K dow n  to  4 .2  K u s in g  t h e  low  te m p e r a tu r e  f a c i l i t y  d e s c r ib e d  
in  t h e  p r e v io u s  c h a p te r .  B e s id e s  s tu d y in g  t h e  p ‘ i s e  c o m position  o f  N b -S n  
s u p e r c o n d u c t in g  t a p e ,  w e h a v e  in v e s t ig a te d  th e  m e a n - s q u a re  d is p la c e m e n t  o f  S n  
a to m s in  t h e  v a r io u s  p h a s e s .  T h is  allow s u s  t o  look  f o r  p o s s ib le  c o r r e l a t io n s  
b e tw e e n  th e  la t t ic e  p r o p e r t i e s  a n d  Tc  w h ic h  is  d i f f e r e n t  f o r  e ac h  p h a s e .
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a %  Sn
F ig  5 .1 .1  T h e  p h a s e  d ia g ra m  o f  t h e  N b -S n  s y s te m . ( F ig u r e  ta k e n  f ro m  
C h a r l e s w o r e t  a l .  1 9 7 0 .)
PHASE Nb^ Sn NbSn2 ^ S n 5 p-Sn
TC(K) 18.05 2.60 - 3.72
CRYSTAL
STRUCTURE
A15 0RTH0RH0MBIC 0RTH0RH0MBIC
TETRAGONAL
B.C.
T a b le  5 .1 .1  T h e  c r y s t a l  s t r u c t u r e  a n d  s u p e r c o n d u c t in g  t r a n s i t io n  te m p e r ­
a t u r e  o f  v a r io u s  N b -S n  c o m p o u n d s ( fro m  t h e  CR C  H an d b o o k  o f  C h e m is t ry  a n d  
P h y s ic s ,  60th  e d i t io n ) .
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5 .2  The ^® Sn so u rce .
F o r  ^ ® S n  M o s s b a u e r  s tu d i e s ,  t h e  2 3 .8 7 5  keV  ? - r a y  u s e d  a r i s e s  f ro m  a d e c a y  
o f  t h e  f i r s t  e x c i te d  s t a t e ,  w h ic h  is  p o p u la te d  b y  a d e c a y  o f  m e ta s ta b le  ^ ® mSn 
w ith  a h a l f - l i f e  o f  245 d a y s .  T h e  d e c a y  sc h em e  o f  ^ ® mS n  is  sh o w n  in  f i g .  5 . 2 . 1 .  
T h e  "*^ mS n  is  fo rm e d  b y  n e u t ro n  ir r a d ia t io n  o f  " ® S n .  T h e  e x c i te d  s t a t e  h a l f - l i f e  
o f  1 7 .8 6  ± 0 .1 0  n s  c o r r e s p o n d s  to  a n a tu r a l  lin e  w id th  o f  r o  = 0 .6 4 2 (4 )  m m /s , a n d  
th e  d e c a y  to  t h e  g r o u n d  s t a t e  is a  3 /2  ■* t / 2  m a g n e tic  d ip o le  t r a n s i t i o n .  T h e  
2 3 .8 7 5  keV  r - r a y  is  r a t h e r  h ig h ly  I n te r n a l ly  c o n v e r t e d .  T h e  6 5 .6 6  keV  X -ra y  is  
e v e n  m ore  s t r o n g ly  c o n v e r te d  a n d  is  c o n s e q u e n tly  w e a k  in in t e n s i t y .  T h e  in te r n a l  
c o n v e r s io n  p r o c e s s  a s s o c i a te d  w ith  t h e  6 5 .6 6  k e V  d e c a y  r e s u l t s  in  2 5 .0 4  k e V  a n d  
2 5 .2 7  keV  x - r a y s .
in  o r d e r  t o  s tu d y  th e  h y p e r f in e  i n te r a c t io n s  w e  r e q u i r e  a s o u r c e  w h ic h  e f ­
f ic i e n t ly  e m its  r e c o i l le s s  r a d ia t io n  o f  n a rr o w  s p e c t r a l  lin e  w id th .  D e s i ra b fe  f e a ­
t u r e s  lik e  a h ig h  r e c o il le s s  f ra c t io n  a t  room  te m p e r a tu r e  t o g e th e r  w ith  a n a rr o w  
lin e  w id th  a r e  a t ta i n e d  in  t h e  a lk a l in e  e a r th  m e ta l s ta n n a t e s  (M SnO g) d u e  to  th e  
h ig h  sy m m e try  o f  t h e  p e r o v s k i te  s t r u c t u r e .  We u s e  a C aS nO g  s o u r c e  w h ic h  m e e ts  
t h e  a b o v e  r e q u i r e m e n ts  f o r  h ig h  re s o lu t io n  M o ssb a u e r  s p e c t r o s c o p y .
A p u ls e  h e ig h t  s p e c tr u m  o f  t h e  s o u r c e  ta k e n  w ith  t h e  p r o p o r t io n a l  c o u n te r  
sh o w s u n r e s o lv e d  l in e s  t h a t  in c lu d e  th e  M o ssb a u e r  r - r a y  l in e ,  f i g .  5 . 2 . 2 .  I t  is 
n e c e s s a r y  to  i d e n t i f y  a ll l in e s  t h a t  c o in c id e  w ith  t h e  M o ssb a u e r  Y -ra y  t r a n s i t i o n ,  
t h u s  c o n t r i b u t in g  to  b a c k g r o u n d  r a d ia t io n .  T h is  is  im p o r ta n t  in  t h e  c a s e  o f  
re c o i l le s s  f r a c t io n  m e a s u re m e n ts  w h e r e  th e  b a c k g r o u n d  c o m p o n e n t h a s  t o  b e  a c ­
c u r a te l y  k n o w n . T o  in v e s t ig a te  t h e  o r ig in  o f  t h e  b a c k g r o u n d  ra d ia t io n ,  w e to o k  
a p u ls e  h e ig h t  s p e c t r u m  o f  t h e  s o u r c e  { f i g .  J . 2 . J )  w ith  t h e  h ig h  re s o lu t io n  
g e rm a n iu m  d e t e c to r .  T h is  s p e c tr u m  sh o w s th e  r - r a y  l in e s  in d ic a t e d  in t h e  d e c a y  
sc h e m e  a b o v e , e n d  r e v e a ls  a d d it io n a l  x - r a y  l in e s .  O n e  o f  t h e s e  lin e s  c a n  b e  
a t t r i b u t e d  to  x - r a y s  f ro m  n iob ium  p r e s e n t  in t h e  a b s o r b e r .  O th e r  x - r a y  lin e s  
in d ic a te  t h a t  s t r o n t iu m  a n d  se len iu m  a r e  p r e s e n t  in  t h e  s o u r c e  a n d  m ay b e  a  r e s u l t  
o f  th e  p r e p a r a t io n  p r o c e d u r e .  T h e  t in  x - r a y  l in e s  a r e  a  r e s u l t  o f  t h e  in te r n a l  
c o n v e r s io n  p r o c e s s e s  in t h e  s o u r c e .  T h e  t in  l in e s  a r e  p r e f e r e n t ia l ly  a b s o rb e d  
w ith  a p a lla d iu m  f i l t e r  I n s e r te d  b e tw e e n  th e  a b s o r b e r  a n d  th e  d e t e c to r .  P a lla d iu m
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F ig . 5 .2 .1  T h e  n u c le a r  d e c a y  s c h e m e  o f  t h e  ^ ® mS n  M & ssbauer i s o to p e .
h a s  a K -e d g e  f o r  p h o to e le c tr ic  a b s o r p t io n  a t  2 4 .3 5  keV , in te r m e d ia te  b e tw e e n  th e  
u n w a n te d  x - r a y s  a n d  th e  im p o r ta n t  2 3 .8 7 5  keV  M o ssb a u er  t r a n s i t i o n .
5 .3  S e t t i n g  u p  a M o ssb a u e r  m e a s u r e m e n t .
We h a v e  a c q u ir e d  a  f e w  g r a m s  o f  s u p e r c o n d u c t in g  ta p e  w h ic h  is  a p p r o x i ­
m a te ly  100 m ic ro n s  th ic k  a n d  0 .5  cm w id e . A n N b -S n  la y e r  w as  m ade  b y  d i f f u s in g  
n io b iu m  p o w d e r  in to  t in  ta p e  a n d  r e a c t i n g ;  t h i s  w as th e n  s a n d w ic h e d  b e tw e e n  tw o 
c o p p e r  l a y e r s .  T h e  N b -S n  la y e r  is  l ik e ly  to  c o n s is t  o f  a m ix tu re  o f  p h a s e s  t h a t  
in c lu d e s  t h e  h ig h  Tc  N bS ng  p h a s e .  A n u m b e r  o f  s t r i p s ,  a p p ro x im a te ly  2  cm  x 
0 .5  cm , w e r e ' o v e r la p p e d  to  fo rm  a f o i l - l ik e  a b s o r b e r  o f  a re a  2 cm  x 2  c m . T h is  
w a s  t h e n  a t ta c h e d  to  t h e  s a m p le  h o ld e r .
A f t e r  lo w e rin g  th e  te m p e r a tu r e  o f  t h e  s a m p le  to  4 .2  K , t h e  te m p e r a tu r e  Is 
r a i s e d  to  a  d e s i r e d  v a lu e  b y  m e an s  o f  v a p o r iz e r  h . a t e r  p o w e r . T h e  v a p o r iz e r  
h e a t e r  is  e n e r g iz e d  b y  a r e g u la te d  p o w e r  s u p p ly .  T h e  te m p e r a tu r e  o f  t h e  sa m p le  
Is k n o w n  b y  m o n ito rin g  th e  74 ohm  A B r e s i s t o r .  W hen th e  t e m p e r a tu r e  is  c lo se  
t o  t h e  v a lu e  a t  w h ic h  th e  m e a s u re m e n t is  t o  b e  p e rfo rm e d  th e  te m p e r a tu r e  c o n -
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F ig . 5 .2 .2  A p r o p o r t io n a l  c o u n te r  p u ls e  h e ig h t  s p e c t r u m  o f  t h e  s o u r c e .
t r o l l e r  is  s w itc h e d  o n  a n d  th e  sam p le  te m p e r a tu r e  z o n e  is  a llow ed  to  s ta b i l i z e  f o r  
a n  h o u r  o r  tw o .
W ith t h e  s p e c t r o m e te r  a n d  sam p le  in p o s i t io n , a  p u ls e  h e ig h t  s p e c t r u m  is 
r e c o rd e d  w ith  a x e n o n -m e th a n e  f ille d  p r o p o r t io n a l  c o u n te r .  T h e  d is c r im in a to r  
w indow  is  s e t  to  e lim in a te  a s  m uch  o f  t h e  b a c k g r o u n d  ra d ia t io n  a s  p o s s ib l e ,  f J g .  
5 .2 .2 .  T h e  h e ig h t  a n d  a l ig n m e n t o f  t h e  s p e c t r o m e te r  a n d  th e  s a m p le  a r e  a d ju s te d  
to  m axim ize  t h e  c o u n t  r a t e .  T h e  d is c r im in a to r  is  r e a d ju s te d  If n e c e s s a r y .  T h e  
MCA is  c h a n g e d  to  MCS m o d e , t h e  d r iv e  sy s te m  is  s t a r t e d  a n d  t h e  m e a s u re m e n t 
Is a llo w ed  to  r u n .  T h e  te m p e r a tu r e  is  m o n ito re d  a s  o f te n  a s  p o s s ib l e  a n d  r e c o rd e d  
a p p ro x im a te ly  e v e r y  s ix  h o u r s  f o r  t h e  d u r a t io n  o f  t h e  m e a s u re m e n t .  A v e lo c ity  
c a l ib r a t io n  s p e c tr u m  is  r u n  b e fo r e  a n d  a f t e r  e v e r y  M S ssb a u e r  m e a s u r e m e n t .  T h is  
is  to  c h e c k  f o r  a n y  c h a n g e s  In t h e  l in e a r i t y  o f  t h e  d r iv e  s y s te m .
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F ig . 5 .2 .3  ( a )  A n A p te c  G e  d e te c to r  p u ls e  h e ig h t  s p e c t r u m  o f  t h e  s o u r c e
sh o w in g  m o st o f  t h e  r a d ia t iv e  t r a n s i t i o n s ;  a  p a lla d iu m  f i l t e r  w as  u s e d ,  ( b )
A p u ls e  h e ig h t  s p e c t r u m  sh o w in g  o n ly  t h e  m o re  im p o r ta n t  t r a n s i t i o n s .  C om ­
p a re  th i s  s p e c tr u m  w ith  t h a t  o f  f i g .  S .2 .Z .
5 .4  D a ta  a c q u is i t io n .
T o  a c h ie v e  d e s i r a b le  s t a t i s t i c s  in  a M o ssb a u e r  s p e c t r u m  a s i  ' ‘ ic ie n t  n u m b e r  
o f  c o u n ts  h a s  to  b e  a c c u m u la te d  in e a c h  c h a n n e l .  T h e  d u r a t io n  o f  a m e a s u re m e n t 
d e p e n d s  on  th e  s o u r c e  s t r e n g th  a n d  th e  g e o m e try  o f  t h e  s e tu p .  F o r  s u f f i c ie n t  
s t a t i s t ic s  in  o u r  c a s e  w h e r e  2048 c h a n n e ls  a r e  u s e d ,  25000  c o u n ts  p e r  c h a n n e l  Is 
r e q u i r e d .  W ith o u r  5  mCl C aSnO g s o u r c e  t h i s  m e an s a p p ro x im a te ly  24 h o u r s  
m e a su r in g  tim e . T h e  te m p e r a tu r e  c o n t ro l le r  w as  a b le  t o  m a in ta in  t h e  s t a b i l i t y  of 
t h e  sa m p le  te m p e r a tu r e  d u r in g  th is  tim e .
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A t th e  e n d  o f  a m e a s u r e m e n t  t h e  d a t a  a c c u m u la te d  in  t h e  MCA w as  t r a n s ­
f e r r e d  t o  a DEC R ainbow  m ic ro c o m p u te r  a n d  s to r e d  o n  f lo p p y  d i s k .  D a ta  t r a n s f e r  
b e tw e e n  th e  MCA a n d  th e  m ic ro c o m p u te r  c o m p lie s  w ith  EIA  s t a n d a r d  RS232 com ­
m u n ic a t io n  p r o to c o ls .  T h e  m ic ro c o m p u te r  is  l in k e d  to  a n  IB M /360 m a in fra m e  v ia  
a m odem . T h e  d a ta  on  f lo p p y  d i s k  Is t r a n s f e r r e d  to  t h e  m a in fra m e  b y  m e an s  o f  
a PO L Y -X F R /T R M  te rm i, a: e m u la t io n  p a c k a g e .  T h e  fu l l  t r a n s f e r  o p e r a tio n  ta k e s  
o f  che  o r d e r  o f  a few  m in u te s .  O n t h e  m a in fra m e  th e  d a ta  is  a n a ly z e d  w ith  t h e  
a id  o f  a s o p h is t ic a te d  c o m p u te r  p r o g ra m , M OSSFUN (M iille r  1980 ). D ata  a n a l / s i s  
is  d e s c r ib e d  be lo w . T h e  v  t y  c a l ib r a t io n  s p e c t r a  r u n  b e f o r e  a n d  a f t e r  th e  
M tis sb a u e r  s p e c tr u m  a r e  t r a n - . e r r e d  to  t h e  m a in fra m e  in  t h e  sa m e  w ay  a n d  a n a ­
ly z e d  s e p a r a t e ly  w ith  t h e  a id  o f  t h e  p r o g ra m  LA SERC A L. T h e  o u tp u t  o f  th i s  
p r o g ra m  is s u e s  im p o r ta n t  d a ta  f o r  u s e  in  t h e  a n a ly z in g  r o u t in e s  o f  M O SSFU N .
5 .5  D a ta  A n a ly s is
T h e  f i r s t  s te p  in v o lv e s  a n a ly z in g  t h e  l a s e r  c a l ib r a t io n  s p e r * r a .  T h is  Is d o n e
w ith  t h e  a id  o f  th e  p ro g ra m  LA SE RC A L  s p e c ia l ly  d e s ig n e d  f o r  t h i s  p u r p o s e .  T h e
c a l ib r a t io n  s p e c tr u m  c an  b e  d iv id e d  n to  f o u r  r e g io n s  a s  In d ic a te d  In f i g .  5 . J . 7 ;  
t h e  c o r r e s p o n d in g  m o tio n  o f  t h e  d r i v e  f o r  e a c h  re g io n  is  sh o w n . LA SERC AL f i t s  
a s t r a i g h t  li<iii t o  eac h  o f  t h e  f o u r  r e g io n s  e n a b lin g  u s  to  f in d  th e  v e lo c i ty  p e r  
c h a n n e l  f o r  e a c h  re g io n .  T h is  is  im p o r ta n t  b e c a u s e  a n y  sm all n o n - l in e a r i ty  t h a t  
o c c u r s  in  o n e  o f  t h e  r e g io n s  Is im m ed ia te ly  e x p o s e d  a n d  is  n o t  c a r r i e d  o v e "  to  
t h e  o t h e r  re g io n s . T h e  f i r s t  h a l f  o f  t h e  s p e c tr u m  ( .re g io n s  i  a n d  2) a n d  th e  
s e c o n d  h a lf  ( r e g io n s  3  a n d  4 )  h a v e  512 a c c u ra te ly  d e te r m in e d  c a l ib r a t io n  p o in ts .  
T h is  s h o u ld  b e  c o m p a re d  w ith  t h e  c o n v e n tio n a l  Fe fo il c a l ib r a t io n  m e th o d  In w h ic h  
o n ly  s ix  c a l ib ra t io n  p o in ts  a r e  a s s o c i a te d  w ith  e ac h  h a lf .  F o r  t h i s  r e a so n  
L A SE RC A L  p r o v id e s  a c c u r a te  v a lu e s  f o r  t h e  v e lo c i ty  p e r  c h a n n e l  o f  f o u r  r e g io n s  
o f  a  M & ssbauer s p e c tr u m , t h e  c h a n n e l  o f  z e r o  v e lo c i ty  f o r  e a c h  h a lf  a n d  th e
f o ld in g  p o in t  a b o u t  w h ic h  th e  s p e c t r u m  is  sy m m e tr ic a l.
A M ttssb au e r  s p e c tr u m  m ay  b e  a s u p e rp o s i t io n  o f  s u b - s p e c t r a  e a c h  o f  w h ic h  
c o r r e s p o n d s  t o  t h e  M o ssb a u e r  iso to p e  in  a  d i f f e r e n t  e n v i ro n m e n t ,  f i g .  S . f i . J .
T h e  s u b - s p e c t r a  m ay  t h u s  r e p r e s e n t  d i f f e r e n t  p h a s e s  t h a t  a r e  p r e s e n t  In t h e  
a b s o r b e r .  I o r  a t h in  a b s o r b e r  e a c h  s u b - s p e c t r u m  c an  b e  a p p ro x im a te d  b y  a
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L o re n tz ia n  f u n c t io n  (K olk  1984, p p . 1 8 1 -1 8 2 , 18 7 ). T h e  th e o re t ic a l  f i t  to  t h e  
o v e ra l l  s p e c t r u m  is  a sum  o f  L o r e n tz ia n s . T h e r e f o r e  t h e  th e o re t ic a l  in t e n s i t y  F 
a t  th e  v e lo c i ty  v  f o r  a s p e c tr u m  c o m posed  o f  m L o r e n tz ia n s  o f  in te n s i ty  I p o s i t io n  
6^ a n d  h a lf  l in e - w id th  is  g iv e n  b y  (M u lle r  1980, p .  3 .2 3 )
rM ■ e( - Z y-rTfZ > -
vt/sre  -  f  - 6 ., ( 5 .2 )
iVe  is  t h e  b a s e  lin e  c.f t h e  sp e c tr u m . T h e  q u a n t i t y  g  is  th e  g e o m e try  f a c to r .  
W hen t h e  m ov ing  s o u r c e  is  in I ts  c e n t e r  p o s it io n  w h e r e  t h e  v e lo c i ty  is  a t  a  m a x ­
im um , t h e  c o u n t  r a t e  is  W0  . W hen th e  r c u r c e  is  m ov ing  to w a rd s  t h e  d e te c to r  
t h e  c o u n t  r a t e  in h ir ih e r  th a n  f/_, a n d  s m a lle r  in  t h e  o p p o s i te  d i r e c t io n ,  s e e  f ' g .  
5 . 5 . J .  T h is  i<; t h e  g e o m e tr ic  e f f e c t  a n d  is  ta k e n  in to  a c c o u n t  b y  th e  g e o m e tr y  
f a c to r  g .  T h is  is a fu n c t io n  o f  t h e  v e lo c i ty  o f  t h e  s o u r c e  a n d  c o n ta in s
o n e  a d ju s ta b le  p v . 'i in e t e r  w h ich  is  d e te r m in e d  in  t h e  f i t  r o u t in e .
E q u a tio n  ( 5 . / )  is  u s e d  in th e  p r o g ra m  M OSSFUN to  f i t  th e  d a ta  p o in ts .  
Mb-SSF-'UN r e q u i r e s  1024 d a ta  p o in ts  o r  le s s  f o r  a n a ly s i s .  D ata  fro m  a ra w  s p e c ­
tr u m  (2 048  c h a n n e ls )  was, c h a r g e d  to  m e e t t h i s  r e q u ir e m e n t  b y  a d d in g  a d ja c e n t  
c h a n n e ls .  T h e  p a ra m e te r s  o f  e a c h  l in e ,  t h e  g e o m e tr ic  e f f e c t  p a ra m e te r ,  a n d  th e  
b a s e  l in e  a r e  v a r ie d  s o  t h a t  a  " le a s t  s q u a r e s  f i t "  o f  t h e  d a ta  is  o b ta in e d .  T h e  
" g o o d n e s s  o f  f i t "  is  ju d g e c  from  th e  x 2 v a lu e  c a lc u la t e d  a t  t h e  e n d  o f  a f i t  p r o ­
c e d u r e .  T h e  f in a l  o u tp u t  o f  M dSSFUN  is  a l is t  o f  v a lu e s  f o r  t h e  p a ra m e te r s  o f  
e a c h  s u b - s p e c t r u m .  T h e  f i r s t  h a lf  a n d  i t s  m ir r o r  im age ( th e  se c o n d  h a lf )  a r e  
f i t t e d  s im u lta n e o u s ly  a n d  th is  e f f e c t iv e ly  d o u b le s  t h e  n u m b e r  o f  l in e s  t h a t  h a v e  
to  b e  f i t t e d  in  a ME s p e c tr u m . T h is  r e s u l t s  in  a m ore  re l ia b le  f i t  to  th e  d a t a .  
F u r th e r m o r e ,  if  o n ly  o n e  h a lf  o f  th e  s p e c t r u m  is  f i t t e d ,  t h e  b a s e  lin e  w h ic h  is  
im p o r ta n t  f o r  c a lc u la t io n s  o f  t h e  a b s o rp t io n  a r e a s ,  is  d i s t o r te d  t o  o b ta in  a "g o o d  
f i t " .  T h is  f re e d o m  is  d e n ie d  to  th e  f i t t i n g  r o u t in e  i f  b o th  h a lv e s  a r e  f i t t e d  s i ­
m u lta n e o u s ly .
5 .  M O SSBAUER E FF E C T  ST U D IES ON N B -SN  COMPOUNDS
F ig . 5 .5 .1  ( a )  A c a l ib ra t io n  s p e c t r u m  in d ic a t in g  th e  v e lo c ity  a s  a fu n c t io n
o f  c h a n n e l  (so lid  l in e ) .  T h e  d a s h - d o t - d a s h  lin e  r e p r e s e n t s  t h e  b a s e  lin e  B 
r e la t iv e  to  t h e  b a s e  lin e  v c lu e  NQ o b ta in e d  w h en  th e  s o u r c e  is  s t a t i o n a r y ,  
( b )  A s p e c tr u m  a n d  i t s  m ir r o r  im age  r e s u l t in g  fro m  th e  d r iv e  m o tion  in  ( a ) .
5 .6  T h e  M ftssb a u e r  s p e c t r a  : I n te r p r e ta t io n  a n d  p h a s e  a n a ly s i s .
A p p ro x im a te ly  f i f te e n  ME s p e c t r a  w e r e  m e a s u re d  in th e  te m p e r a tu r e  r a n g e  
300  K to  4 .6  K . T h e  m e a su re m e n ts  a b o v e  77 K w e re  d o n e  o n c e  e a c h ,  e x c e p t  t h e  
room  te m p e r a tu r e  m e a su re m e n ts  w h ic h  w e r e  r e c o rd e d  b o th  In s id e  a n d  o u ts i d e  t h e  
c r y o s t a t .  M e asu rem en ts  be low  77 K w e r e  r e p e a te d  a n d  no  c h a n g e s  w e r e  s e e n  to  
o c c u r  d u e  xo te m p e r a tu r e  c y c l in g  o f  t h e  sa m p le . P ig . S . 6 . J  is  a  room t e m p e r a tu r e  
m e a s u re m e n t r e c o rd e d  w ith  t h e  s a m p le  in  t h e  c r y o s t a t .  T h r e e  s u b - s p e c t r a  w e r e  
u s e d  t o  f i t  t h e  sp e c tr u m . T h e s e  c o m p o n e n ts  c o r r e s p o n d  to  N b ^ S n , B -Sn  a n d
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N b S n g . T h e  s u p e r c  lu c t in g  t r a n s i t io n  te m p e r a tu r e s  o f t h e s e  p h a s e s  a r e  l i s te d  
in  t a b l e  5 . 1 . 1 .  N b S n 2 h a s  a n o n - c u b ic  c r y s t a l  s t r u c t u r e  r e s u l t in g  in a 
q u a d r u p o le  s p l i t t i n g .  T h e  p a ra m e te r s  o f  t h e  s u b - s p e c t r a  c o m p are  w ell w ith  th o s e  
c i te d  in  t h e  l i t e r a t u r e  { ta b l e  5 . 6 . 1 ) .
In  t h e  p r e p a r a t io n  o f  t h e  t a p e ,  t h e  m a te r ia l Is r a is e d  to  a h ig h  te m p e r a tu r e  
fo llo w ed  b y  a  r a p id  c o o lin g  p r o c e d u r e  so  t h a t  t h e  h ig h  t e m p e r a tu r e  p h a s e s  a r e  
r e ta in e d  { f i g .  5 .1 .1 ) - ,  t h i s  a c c o u n ts  f o r  t h e  f a c t  t h a t  no  N bgS n^  c o m p o n e n t is 
p r e s e n t  in  o u r  ME s p e c t r a .  We a r e  c o n f id e n t  t h a t  t h e  c h o ic e  o f  c o m p o n e n ts  is 
u n iq u e  a s  ju d g e d  f ro m  th e  e v o lu tio n  o f  t h e  M o ssb a u e r  s p e c tr u m  a s  t h e  te m p e r a tu r e  
is  lo w e re d . By lo w e rin g  th e  te m p e r a tu r e  t o  77 K w e d o  n o t e x p e c t  a n y  p h a s e  
t r a n s fo r m a t io n s  t o  o c c u r ;  t h a t  i s ,  w e do  n o t  e x p e c t  t h e  p o s i t io n s  o f  t h e  com po­
n e n ts  t o  s h i f t  s ig n i f ic a n t ly .  T h e  s h a p e  o f  t h e  s p e c t r a  sh o w  d r a s t i c  c h a n g e s  a s  
t h e  t e m p e r a tu r e  is  lo w e re d  { f i g .  5 . 6 . 2 ) ,  y e t  o u r  c h o ic e  o f  c o m p o n e n ts  a llo w s u s  
t o  o b ta in  a g o o d  f i t  a t  e a c h  te m p e r a tu r e  w ith o u t  t h e  n e e d  f o r  c h a n g in g  th e  p o ­
s i t io n s  o f  t h e  v a r io u s  c o m p o n e n ts .  T h e  x 1 v a lu e  a t  room  te m p e r a tu r e  w as  x 1 = 
1 .0 4 ,  w h e r e  x 1 = 1 .0 0  r e p r e s e n t s  an  ideal f i t ,  a n d  in  t h e  w o rs t  c a s e  x 2 = 1 .4 2  
a t  175 K . T h is  r e p r e s e n t s  e x c e l le n t  f i t s  to  t h e  d a ta  b e a r in g  in  m ind  t h a t  b o th  
h a lv e s  o f  t h e  s p e c t r u m  w e r e  f i t t e d  s im u lta n e o u s ly  ( s e e  § 5 .5 ) .
T h e  c h a n g e  in  t h e  s h a p e  o f  s p e c tr u m  is  d u e  to  t h e  c h a n g e  in  a r e a s  o f  t h e  
v a r io u s  c o m p o n e n ts ,  w h ic h  is d u e  to  t h e  c h a n g e  in  t h e  ra c o i l le s s  f r a c t io n  o f  Sn 
in  t h e  v a r io u s  p h a s e s  a s  a  fu n c t io n  o f  te m p e r a tu r e .  T h e  r a t i o  o f  t h e  a b s o rp t io n  
a r e a s  o f  s u b - s p e c t r a  in  a M o ssb a u e r  s p e c tr u m  a llow s th e  d e te rm in a t io n  o f  t h e  
r e la t iv e  p r o p o r t io n s  o f  t h e  v a r io u s  p h a s e s  p r e s e n t .  T h is  fo llo w s fro m  e q u a tio n  
{ 2 .1 2 )  if  t h e  f  v a lu e s  f o r  S n  in  t h e  v a r io u s  p h a s e s  is  k n o w n . T h a t  I s ,  th e  
p r o p o r t io n  o f  p h a s e  1 m a te r ia l (n ^ )  to  p h a s e  2 m a te r ia l (n ^ )  c an  b e  o b ta in e d  fro m
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-6.0 -  4.0 -  2.0 0.0 2.0 4.0 6.0
VELOCITY IN M-1
F ig . 5 .6 .1  M S ssb a u e r  s p e c t r u m  o f  N b -S n  s u p e r c o n d u c t in g  ta p e  a t  room  te m ­
p e r a tu r e .
T h e  a r e a s  A .  can  b e  c a lc u la t e d  fro m  th e  p a ra m e te r s  o f  t h e  s u b - s p e c t r a .  F o r  th e  
c a s e  o f  L o re h tz ia n  l in e - s h a p e s  t h e  a re a  o f  a s u b - s p e c t r u m  Is t h e  p r o d u c t  o f  t h e  
i n te n s i t y  a n d  th e  lin e  w id th  n o rm alize d  to  t h e  b a s e  l in e  a n d  t h e  n a tu r a l  l in e - w id th .  
In  o r d e r  to  f in d  th e  f  v a lu e s  t h e  fo llo w in g  a n a ly s is  w as  p e r f o rm e d .  From  
e q u a tio n s  ( 2 .J J )  a n d  ( S . 2 )  i t  fo llow s th a t
J t > U / A 2 )  = M n j / n J  '  * 2 t < r f > T  -  < * /» ? ]  - ( 5 . J )
I t  is  in s t r u c t iv e  to  p lo t  l n ( A j /A ^ I  a s  a fu n c t io n  o f  te m p e r a tu r e ,  w h e re  t h e  s u b ­
s c r i p t  J r e f e r s  to  t h e  p h a s e s  N b^S n o r  N b S r^  a n d  t h e  s u b s c r i p t  2  r e f e r s  to  th e  
p u r e  Sn p h a s e .  T h is  is  sh o w n  in  f i g .  5 . 6 . 3  ( a ) , ( 6 ) .  O b s e r v e  in f i g .  5 . 6 . 3  •
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sub-spectra literature
(M r , ^ 5 , i
s 2,12 t  0 0 4 m t m 2 5 4 :  W0
r M a t  0 2 9 0.93 t o c e 117 1 0 3 0 M l M S
A 206  !  0.16 - - - -
$ Isomer shift 
A  quadrupole splitting 
P  line width
T a b le  5 .6 .1  P a r a m e te rs  ( in  m m /s) f o r  a room  te m p e r a tu r e  s p e c tr u m  a s  o b ­
ta in e d  w ith  M 5SSFU N  in  a le a s t  s q u a r e s  f i t  o f  t h e  d a ta  ( x 2 = 1 .0 4 )  c o m p a re d  
w ith  v a lu e s  o b ta in e d  in  o th e r  m e a s u re m e n ts  ( S i t e k  e t  a l .  1978, M S ssb a u e r  
E f fe c t  D ata  In d e x  - -  C o v e r in g  th e  1970 L i t e r a tu r e ,  p .  2 3 ) .
(» ) t h a t  a t  h ig h  t e m p e r a tu r e s ,  T  a  77 K , ln ( .A j /A 2 ) is  l in e a r  in te m p e r a tu r e  T . 
T h e r e f o r e  e q u a t io n  ( J . J ) ,  w ith  t h e  a id  o f  t h e  f i r s t  te rm  in e q u a t io n  ( .2 .25 )  c an  
b e  w r i t te n  as
= J n ( n j / n 2 ) -
8_2( x )  is  a  c h a r a c t e r i s t i c  te m p e r a tu r e  o f  a S n  a tom  In p h a s e  x ,  T h e  q u a n t i t y  
l a i a j / n ^ ,  th e  lo g a r i th m  o f  t h e  r e la t iv e  p r o p o r t io n  o f  tw o  p h a s e s ,  is  a  c o n s ta n t  
w h ic h  s h i f t s  t h e  p lo ts  in  f i g .  S . 6 .3  u p  o r  d o w n . E q u a tio n  ( 5 .4 )  in d ic a t e s  t h a t  
t h e  s lo p e  o f  t h e  c u r v e  in f i g .  S . 6 . 3  ( a )  is
,iop, = ["Jy,) -7fz(Z) 1- w-d
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F ig . 5 .6 .2  T e m p e r a tu r e  e v o lu tio n  o f  t h e  M S ssb au e r  s p e c tr u m . A d d itio n a l 
s p e c t r a  m e a s u re d  a t  87  K , T3 K a n d  9 K , a r e  n o t sh o w n .
T h e  c o n s ta n t  C s  6ER/ k g  e q u a ls  179 K . T h e  c h a r  - t e r i s t i c  t e m p e r a tu r e  is  know n 
a c c u r a te l y  in t h e  c a s e  o f  S n  (H o h e n e m se r  1965) a n d  in  t h e  r a n g e  77 K S T  3  200 
K is  c o n s ta n t  a t  8_2(S n )  = 140 K . T h is  e n a b le s  t h e  d e te rm in a tio n  B ^ W b g S n )  
f ro m  e q u a tio n  ( 5 .5 )  a n d  f i g .  S . 6 . 3  ( a ) .  A s im ila r  a n a ly s is  r e s u l t s  in  t h e  d e ­
te rm in a t io n  o f  G ^C N bS ng) f ro m  f i g .  S . 6 .3  (A ) . T h e  r e s u l t s  r e v e a l t h a t
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TEMPERATURE IK)
F ig . 5 .6 .3  A p lo t  o f  l n ( A j /A 2 )  v e r s u s  te m p e r a tu r e ,  w h e re  A£  is  t h e  a b ­
s o r p t io n  a re a  o f  t h e  6-S n  c o m p o n en t a n d  A j  is  th e  a b s o rp t io n  a re a  o f  t h e  
N bgSn c o m p o n en t ( a )  ; ( b )  r e f t - s  t o  t h e  N b S n g  c o m p o n e n t.
6_2 (N b g S n )  = 176 K a n d  8_2( N b S n 2) = 140 K . From  e q u a tio n  ( 5 .2 )  a n d  t h e  f a c t  
t h a t
/_ , *  « rp  [  - f iT / e f ^ U )  ] ,  ( 5 .6 )
w e a r e  a b le  t o  c a lc u la te  t h e  r e la t iv e  p r o p o r t io n  o f  th e  p h a s e s  p r e s e n t  b y  u s in g  
t h e  m e a s u re m e n ts  o b ta in e d  a t  te m p e r a tu r e s  r  a  77 K. T h e  r e s u l t s  sh o w  t h a t  t h e  
s a m p le  c o n ta in s  16% N b S n 2,  40  % N bgSn a n d  44  % R -S n . T h e s e  r e s u l t s  in d ic a te  
t h a t  o u r  s a m p le  o f  s u p e rc o n d u c t in g  ta p e  h a s  a  s ig n i f ic a n t  p ro p o r t io n  o f  t h e  h ig h  
T q N bgS n  p h a s e ;  t h i s  is  e n o u g h  to  c r e a t e  a c o n tin u o u s  N bgS n  la y e r  r e n d e r i n g  it  
u s e f u l  f o r  te c h n o lo g ic a l  a p p lic a t io n s .
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W o rk in g  w ith  t h e  r a t i o s  o f  a b s o rp t io n  a r e a s  h a s  t h e  a d d e d  a d v a n ta g e  of 
c a n c e l l i n g  th e  b a c k g r o u n d  c o m p o n e n t. If  t h e  b a c k g r o u n d  is  n o t  e f f e c t iv e ly  
e lim in a te d  t h i s  w ill r e s u l t  in  in a c c u ra te  v a lu e s  f o r  t h e  a b s o rp t io n  a r e a s .
5 . 7  L a t t ic e  D y n am ics
I t  is  a p p r o p r i a t e  to  in tr o d u c e  som e th e o r e t ic a l  b a c k g r o u n d  (K o lk  1984, p p .  
1 0 7 -1 1 0 ) .  F ig . 5 . 7 . 1  (a )  sh o w s a a L e n n a r d - J o n e s - ty p e  p a i r  p o te n t ia l  # r e s u l t in g  
f ro m  t h e  in te r a c t io n  o f  tw o  is o la te d  a to m s . Mow c o n s id e r  an  a tom  in  a s o lid .
F o r  a n  a tom  B m o v in g  in t h e  p o te n t ia l  o f  tw o  o th e r  a to m s A a n d  C  a t  d is t a n c e s  
o f  a b o u t  r 0 , w h e r e  r 0  is t h e  d is t a n c e  f o r  w h ic h  * is  minim al { f i g .  5 .7 .1  ( a ) ) ,  
t h e  a tom ic  p o te n t ia l  is a s  sh o w n  in  f i g .  5 .7 .1  (fc ). T h e  m e a n - s q u a re  d i s ­
p la c e m e n t  (m sd )  a s  a fu n c t io n  o f  t e m p e r a tu r e  is  sh o w n  in  f i g  5 . 7 . 2  (A ) . W hen 
t h e  a tom ic  p o te n t ia l  Is a p p ro x im a te d  b y  a p a ra b o lic  p o te n t ia l  ( th e  h a rm o n ic  a p ­
p r o x im a tio n ) ,  t h e  m o tions o f  th e  a tom s a r e  c o n s id e r e d  to  b e  a s u p e rp o s i t io n  of 
3N  in d e p e n d e n t  no rm a! m o d e s . In  t h i s  c a s e  t h e  m sd  o f  an  an  a tom  a t  m o d e ra te  
a n d  h ig h  te m p e r a tu r e s  is g iv e n  b y  t h e  f i r s t  o r d e r  te rm  in  e q u a t io n  { 2 .1 3 ) .  T h e  
m sd  a s  a fu n c t io n  o f  te m p e r a tu re  is  sh o w n  in  f i g  5 . 7 . 2  ( a ) .  N ote  t h e  d i f f e r e n c e  
b e tw e e n  f i g .  5 . 7 . 2  ( a )  a n d  f i g .  5 . 7 . 2  (A) a t  h ig h  te m p e r a tu r e s .  T h e  d e v ia tio n  
f ro m  a p a ra b o lic  p o te n t ia l  r e s u l t s  in  t h e  e n h a rm o n ic  ( h ig h e r  o r d e r )  te rm s  in 
e q u a t io n  { 2 .1 3 )  a n d  th e  c o r r e s p o n d in g  h ig h  te m p e r a tu r e  a n h a rm o n ic  e f f e c ts .  F o r  
s o l id s  in  w h ic h  t h e  d is t a n c e s  b e tw e e n  B a n d  i t s  n e ig h b o rs  e x c e e d  r e  t h e  a tom ic  
p o te n t ia l  is  " w in e - b o tt le  l ik e " ,  f i g .  5 .7 .1  ( c ) .  T h is  s ig n i f ic a n t  d e v ia t io n  f ro m  a 
p a ra b o l ic  p o te n t ia l  r e s u l t s  in  b o th  low t e m p e r a tu r e  a n d  h ig h  te m p e r a tu r e  d e v i ­
a t io n s  f ro m  h a rm o n ic  b e h a v io r ,  a n d  t h e  m sd  a s  a  fu n c t io n  o f  te m p e r a tu r e  is  sh o w n  
in  f i g  5 . 3 . 2  ( c j .  T h e  a b o v e  li d ic a te s  t h a t  t h e  s h a p e  o f  #a a s  d e te r m in e d  b y  th e  
l a t t i c e ,  a c c o u n ts  f o r  th e  t e m p e r a tu r e  b e h a v io r  o f  th e  m sd .
We a r e  a b le  t o  p lo t t h e  m sd  o f  S n  in  t h e  v a r io u s  p h a s e s  a s  a  f u n c t io n  of 
te m p e r a tu r e .  T h e  q u a n t i ty  on  th e  le f t  h a n d  s id e  o f  e q u a t io n  { S .3 )  c an  b e  e v a l ­
u a te d  f ro m  th e  M flssb a u er  s p e c t r a ,  t h e  r e la t iv e  p ro p o r t io n s  o f  t h e  p h a s e s  p r e s e n t  
h a v e  b e e n  c a lc u la t e d  in t h e  p r e v io u s  s e c t io n ,  e n d  so  th e  d i f f e r e n c e  In t h e  m sd ’s 
o f  tw o  p h a s e s  c a n  b e  c a lc u la te d  a s  a f u n c t io n  o f  t e m p e r a tu r e .  S in c e  t h e  m sd  of 
B -Sn  a s  a  f u n c t io n  o f  te m p e r a tu r e  Is k now n  a c c u r a te l y  fro m  H o h e n e m se r 's  m e as­
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u r e m e n ts  (1965) w e c a n  f in d  th e  m s d 's  o f  t h e  o th e r  tw o  p h a s e s  in  t h e  s a m p le  
r e la t iv e  to  t h a t  o f  p - S n .  F ig  5 . 7 . 3  is a  p lo t  o f th e  m sd ’s  o f  t h e  o t h e r  p h a s e s  
r e la t iv e  to  t h e  l i t e r a t u r e  s ta te d  m sd  o f  f l-Sn  a s  a fu n c t io n  o f  te m p e r a tu r e  u s in g  
th e  a r e a s  o b ta in e d  In t h e  s p e c t r a  o f  £ ig .  5 .6 .2 .
T h e  low T g  p h a s e s ,  P -S n  a n d  N b S n g , sh o w  s im ila r  b e h a v io r ,  in  c o n t r a s t  to  
t h a t  o f  th e  h ig h  T g  N bgS n  p h a s e .  O b s e r v e  t h a t  in th e  low te m p e r a tu r e  r e g im e , 
T  s  77 K , t h e  m sd  o f  N b^S n  is  w e a k ly  te m p e r a tu r e  d e p e n d e n t  a s  c o m p a re d  w ith  
t h e  o th e r  tw o  p h a s e s .  T h e  b e h a v io r  o f  t h e  m sd  o f  N bgSn a t  low te m p e r a tu r e s  
is  c o n s is te n t  w ith  t h e  x - r a y  m e a su re m e n ts  o f  V ie la n d  (1971) a n d  c o n t r a d i c t s  t h e  
r e s u l t s  o f  S h i e r  a n d  T a y lo r  (1968) w ho f in d  m sd  v a lu e s  tw ic e  a s  la r g e  a s  t h e  x - r a y  
m e a s u r e m e n ts ,  im p ly in g  low te m p e r a tu r e  a n h a r m o n ic l ty ,  f i g .  5 . 7 . 2  ( c ) .  A t h ig h  
te m p e r a tu r e s ,  T  £ 200  K , th e  m sd  o f  p -S n  a n d  N bgSn sh o w  d e v ia t i o n s  f ro m  h a r ­
m on ic  b e h a v io r ,  m o re  s o  in t h e  c a s e  o f  th e  h ig h  Tc  N bgSn p h a s e .  T h e  low Tc  
N bS ng  p h a s e  c lo se ly  fo llo w s h a rm o n ic  b e h a v io r .  T a b le  5 .1 .1  a n d  f i g .  5 . 7 . 3  in -
( a |
lb)
10
F ig . 5 .7 .1  ( a )  P a ir  p o te n t ia l  f . ( b )  T h e  a tom ic  p o te n t ia l  *a  w h en  th e
in te ra to m ic  s p a c in g  a  is  a b o u t  r 0  ; i t  is  in  r e a s o n a b le  a p p ro x im a tio n  p a ra b o lic .  
( e )  #a d e v ia te s  f ro m  p a ra b o lic  b e h a v io r  w h e n  th e  in te ra to m ic  s p a c in g  _is l a r g e r  
t h a n  r 0 .
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T em p e ra tu re
F ig . 5 .7 ,2  T h e  m sd  o f  an  a tom  In th e  h a rm o n ic  a p p ro x im a tio n  ( a ) ;  ( b )  In a 
p o te n t ia l  a s  sh o w n  in f ig .  5 .7 .1  ( b )  ; ( c )  In a h ig h ly  e n h a rm o n ic  p o te n t ia l  
a s  sh o w n  in f ig .  5 .7 .1  ( c ) ,  a c c o rd in g  to  D ash  e t  a l .  (1968),
d lc a te s  t h a t  t h e  Tq o f  a t in  c o m p o u n d  Is r e la te d  to  th e  d e v ia tio n  o f  t h e  t in  m sd  
f ro m  h a rm o n ic  b e h a v io r  - -  t h e  h ig h e r  th e  Tc  t h e  m ore  th e  d e g re e  o f  
a n h a r m o n ic i ty .  T h e  d e g re e  o f  a n h a r m o n lc i ty  is n o t g o v e rn e d  b y  t h e  c r y s t a l  
s t r u c t u r e  b e c a u s e  f i g .  5 .7 .3  sh o w s  t h a t  t h e  low Tc  p h a s e s ,  o n e  w ith  a h ig h  
sy m m e try  la t t ic e  a n d  th e  o th e r  w ith  a low sy m m e try  la t t ic e ,  h a v e  s im ila r  b e h a v io r .  
T h e  h ig h  Tc  p h a s e  h a s  a h ig h  sy m m e try  l a t t ic e  a n d  sh o w s r a d ic a l ly  d i f f e r e n t  
b e h a v io r .
5 .8  C o n c lu d in g  r e m a r k s .
We h a v e  u s e d  th e  M B ssbauer e f f e c t  to  d e te rm in e  th e  p h a s e  c o m p o s itio n  o f  a 
s a m p le  o f  N b -S n  s u p e rc o n d u c t in g  t a p e .  T h is  is  im p o r ta n t w hen  c o n s id e r in g  th e  
p r e p a r a t io n  p r o c e d u re s  of s u p e rc o n d u c t in g  m a te r ia ls ,  e sp e c ia l ly  w h en  h ig h  Tc  
c o m p o u n d s  a r e  t h e  r e q u i r e d  e n d  p r o d u c t .  T h e  r e s u l t s  re v e a l t h a t  t h e  sa m p le  
c o n ta in s  40 % o f  th e  h ig h  Tc  N bgSn p h a s e ,  16% N bSn^ a n d  44% p -S n .
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F ig . 5 .7 .3  T h e  m sd  a s  a fu n c t io n  o f  te m p e r a tu r e ,  f o r  t h e  v a r io u s  N b -S n  
p h a s e s  p r e s e n t  r e la t iv e  to  t h e  p -S n  m e a s u re m e n ts  o f  H o h en e m se r  (1 9 6 5 ). 
T h e  d o t te d  l in e s  r e p r e s e n t  h a rm o n ic  b e h a v io r .  T h e  so lid  lin e s  ar-u .1 raw n  to  
g u id e  t h e  e y e .
T o  a id  in  o u r  u n d e r s t a n d in g  of w h a t  d e te r m in e s  t h e  s u p e rc o n d u c t in g  t r a n ­
s i t io n  te m p e r a tu re  in a s o l id ,  w e  h a v e  e x am in e d  th e  la t t ic e  b e h a v io r  o f  s u p e r ­
c o n d u c tin g  c o m p o u n d s . T h e  r e s u l t s  in d ic a te  t h a t  t h e r e  is a  r e la tio n  b e tw e e n  th e  
Tq  a n d  th e  la t t ic e  d y n a m ic s . I t  a p p e a rs  t h a t  t h e  d e g r e e  o f  a n h a rm o n ic ity  in f lu ­
e n c e s  t h e  s u p e rc o n d u c t in g  t r a n s i t io n  t e m p e r a tu r e .  T h e  h ig h  ?c  p h a s e  sh o w s a 
s ig n i f ic a n t  d e p a r tu r e  fro m  h a rm o n ic  b e h a v io r  w h ile  t h e  low Tc  p h a s e s  (S n  a n d  
N b S n g ) fo llow  h a rm o n ic  b e h a v io r  c lo se ly . W hen o n e  c o n s id e r s  t h a t  e n h a rm o n ic
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e f f e c ts  a r e  r e s p o n s ib le  f o r  m any  c r y s t a l  p r o p e r t i e s ,  in d e e d  th e  f e r r o e le c t r ic  s t a t e  
in  c e r ta in  c r y s t a l s  Is a s s o c ia te d  w ith  a  h ig h ly  a n h a rm o n ic  p o te n t ia l ,  i t  is  lik e ly  
t h a t  t h e  a n h a rm o n ic  e f f e c ts  a r e  r e s p o n s ib le  f o r  a n o th e r  e x o tic  p r o p e r ty  — 
s u p e r c o n d u c t iv i ty .
T h e  n e x t  s t e p  in  t h e  e x p e r im e n ta l p ro g ra m m e  is  to  o b ta in  p u r e  N b -S n  p h a s e s  
a n d  to  p e rfo rm  m o re  a c c u ra te  m e a su re m e n ts  b y  a c c o u n tin g  f o r  th ic k n e s s  e f f e c ts  
(G re en w o o d  1971, p p ,  7 1 -7 2 ), a n d  e lim in a tin g  th e  b a c k g r o u n d  co m p o n en '1 w ith  
th e  a id  o f  o u r  h ig h  r e so lu tio n  g e rm a n iu m  d e te c to r ."  In  a d d it io n  to  t h i s ,  a p p a r a tu s  
is  b e in g  b u i l t  to  allow  h ig h  p r e s s u r e  s tu d i e s ;  t h e  a p p lic a t io n  o f  h ig h  p r e s s u r e  
t o  a  so lid  m e an s c h a n g in g  th e  la t t ic e  a n d  t h u s  v a r y in g  th e  d e g r e e  o f  
a n h a r m o n ic i ty .  T h is  will p r o v id e  f u r t h e r  in fo rm a tio n  a b o u t  w h e t h e r ,  a n d  to  w h a t  
e x t e n t ,  t h e  la t t ic e  d e te rm in e s  th e  s u p e r c o n d u c t in g  t r a n s i t i o n  t e m p e r a tu r e .
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